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CHLORINATION- 


geared to your requirements 


WHETHER your chlorine requirements call for fractions of an 
ounce per hour or thousands of pounds per day, there is 
a W&T Chlorinator designed to meet your specific need— 
built to give you dependable, accurate, low cost service 
today, tomorrow and for years to come. 


Visible Vacuum Chlorinators, tried and proven in many thov- 
sand installations, are now available in all capacities from 
.03 pounds to 6000 pounds of chlorine per day. Does your 
job call for semi-automatic or full automatic control? A 
standard W&T equipment will meet your specifications, 
whether the use be for water works, sewage treatment, swim. 
ming pool or industrial chlorination. 


You profit by choosing a W&T Chlorinator. Back of every 
equipment is a quarter century's experience in the design and 
manufacture of chlorine control equipment—an experience 
built upon well planned design, high calibre manufacturing 
and painstaking selection of the best materials. Now, more 
than ever, W&T are privileged to say “Whatever your re 
quirements, we have a Chlorinator to meet them.” 


Ask for Technical Publications describing W&T Chlorinators 


WALLACE & TIERNAN CO. 


Manufacturers of Chlorine and Ammonia Control Apporatus 
NEWARK, N. J. Branches in Principal Cities 
“The Only Safe Water is a Sterilized Water’, 
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THE CENTRAL VALLEY PROJECT lo 
eo! ton OF CALIFORNIA oved Jomblues 


The idea of “planning” occupies a position of great prominence 
throughout the nation today. It is seen to be extending into prac- 
tically all fields of human endeavor and activity. A multitude of new 
agencies of varying character—city, county, state and federal—and 
planning engineers and planning experts of all kinds offer abundant 
evidence of the increasing activity and thought now being devoted to 
planning. 

To the engineering profession, the art of planning is not new. It 
is a basic feature of engineering science. It is part and parcel of 
engineering practice. To water works engineers and managers in 
particular, planning. always has been a major duty and function. 
The design of public water supply systems to provide adequate water 
supplies for the growing demands of cities and towns requires the 
most careful long-range planning. The art of planning is most out- 
standingly exemplified in the great water systems of such metro- 
politan centers as New York City, San Francisco and Los Angeles. 
Other notable illustrations are to be found in many other projects of 
water conservation, regulation and utilization throughout the 


A paper presented before the California section meeting at Sacramento, 
October 21, 1937, by Edward Hyatt, State Engineer and Chief, Division of 
Water Resources of California. 


ote 
R 4 
(159% 
aii! 4 
= 
| 
q 
an = 
‘is eu 
| 
ce 
: 
= 
7 
tus 
Hes 


390 
FOR 
country—irrigation, flood control, drainage, improvement of naviga- 
tion, and generation of hydroelectric power. 

In the past, planning in the field of water development has beep 
carried on chiefly by separate independent units, and largely without 
regard to others, even though at times on the same stream or in the 
same watershed or drainage basin. Serious conflicts and difficulties 
have arisen through lack of coérdination with resulting waste in some 
cases and shortage in others. Consequently, in many sections of the 
country, it is becoming recognized more and more that there is g 
need for plans of greater scope for the purpose of obtaining more 
efficient and effective utilization and regulation of available water 
supplies. 

It is only comparatively recent that steps have been taken to plan 
water resources development on a regional scale comprehending all 
needs of water regulation and utilization. Perhaps the first attempt 
of this kind was made in California. The Central Valley Project 
could not have been properly planned if it had not been for the many 
years, preceding its design, devoted to investigations and studies of 
the State’s water resources and plans for their development, unpre- 
cedented in scope and magnitude. 


EARLY ATTEMPTS IN REGIONAL PLANNING OF WATER DEVELOPMENT 


Early in the history of the State—1866, in fact—the attention of 
State officials was being called to the necessity for a general plan of 
water development, particularly for irrigation, the paramount need 
of which was already recognized. Money was actually appropriated 
in that year by the legislature and a survey was made for a canal 
covering the west side of the Sacramento Valley which was contem- 
plated to be used for irrigation, navigation, and incidental flood 
control. In 1873, a Commission appointed by the Secretary of War 
under Congressional authorization made an investigation and report 
on the irrigation of the Sacramento and San Joaquin Valleys, and 
outlined a comprehensive system of works for developing all the 
streams and distributing the water for use in these two valleys. — 

It is fortunate indeed that the plan outlined by this Commission 
was not adopted at that time, for in the light of the knowledge subse- 
quently gained it would not have been either workable or effective. 
The reason why is easily explained, for this Commission did not have 
adequate data and information on either topography or stream flow. 
For example, the plan provided for conveyance of water from sources 
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\- in the southern San Joaquin Valley into the northern section, whereas 

we know today that just the opposite direction of transfer is required. 
n The growing realization of the necessity of obtaining pasic data 
it before plans could be devised for development of the State’s water 


e resources resulted in initial general investigations being started by 
8 the State in 1878. These continued for a decade, and considering 
e the limited funds available, the accomplishments were remarkable. 
e The work done under the first State Engineer of California, William 
a Ham Hall, included extensive stream flow measurements and compi- 
e lation of maps and reports. 


COMPREHENSIVE WATER RESOURCES INVESTIGATIONS STARTED IN 1921 


n It was not until 1921 that a comprehensive investigation of water 
I resources development was launched by the State. During the years 
t preceding, through a program of stream flow measurements initiated 
t in the nineties with the codperation of the United States Geological 
y Survey, a vast amount of data on stream flow covering practically all 
f important rivers and streams in the State had been made available. 
- In addition, the Geological Survey, with state codperation, had com- 
pleted topographic mapping of a large portion of the state. Thus in 
1921, when the State Legislature authorized and directed the State 
‘ Engineer to carry out an investigation of the state’s water resources 
[ “to determine a comprehensive plan for the accomplishment of the 
j maximum conservation, control, storage, distribution, and applica- 
tion of all the waters of the state,’”’ basic data were available. 

The investigations leading to the formulation of a State Water 
Plan for California were continuously prosecuted for a period of over 
ten years before the studies were completed and a report rendered 
| setting forth the plans recommended. There was expended on this 
work over a million dollars in state funds, and perhaps another half 
} million to a million dollars by Federal agencies, particularly the 
| United States Bureau of Reclamation and the United States War 
: Department who coéperated with and assisted the State on many 
phases of the investigations and studies. 

Inasmuch as the water resources investigations, the basic facts 
revealed thereby, and the plan of development evolved therefrom, 
give an important background to a proper understanding of the 
Central Valley Project, it is of interest to consider these before dis- 
cussing the project itself. The investigations and studies constituted 
ahuge task. Briefly they comprised: 
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1. Complete inventory of the water resources of the State, includ. 
: - compilation and study of precipitation, compilation and analyses 
of stream flow on 140 major streams. 

_ 2. Inventory of underground waters in the state involving the 
determination of the capacity and yield of underground basins over 
an area of over 4,000,000 acres and the measurement of over 9,000 
wells. 

_ 3. The determination of water requirements for all purposes. 
4, Studies on the cost of water. 

5. Complete inventory of all land resources involving the classifiea- 
tion of over 20,000,000 acres of lands as to their irrigability, produe- 
tivity and detailed crop surveys. 

6. Investigation of surface storage reservoirs involving surveys and 
studies of over 1,300 potential sites and a reconnaissance of over 3,500 
miles of streams in the state. 

7. Economic studies with respect to charges for water, rate of 
irrigation development, crop production and marketing, industrial 
development, power production and rates, etc. 

In addition to the above there were many special studies, including 
an investigation of the variation and control of salinity in the Sacra- 
mento-San Joaquin Delta and upper bay region, studies of flood 
control and measures for additional flood protection, improvement of 
navigation, etc. 


INVESTIGATIONS REVEALED UNBALANCED WATER SUPPLY AND DEMAND 


The basic information gathered in the initial years of the investi- 
gation reveals that out of a total area of approximately 100,000,000 
acres in the state, about 23,000,000 acres may be considered as poten- 
tially irrigable or subject to development. At the present time, 
about 5,000,000 acres are under irrigation. The water resources in 
the state are on the whole sufficient to take care of the ultimate 
requirements, but supply and demand are far out of balance geo- 
graphically. To make a generalization only, three-quarters of the 
water supply is in the upper one-third, whereas three-quarters of the 
ultimate demand is in the lower two-thirds of the state. Further 
difficulty lies in the fact that precipitation and stream flow usually 
occur in a few months of the winter and spring of each year, giving 
rise to large floods and the wasting of a large part of the run-off into 
the ocean—it being estimated that about three-quarters of the rain- 
fall reaches the ocean within 45 days after a rain occurs—whereas 
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the demands for water extend throughout the year and reach a 
maximum in the growing season, at a time when there is usually no 
precipitation and stream flow is greatly reduced or has entirely 


ceased. 
GENERAL STATE WATER PLAN FORMULATED IN 1931 


The so-called ‘State Water Plan’ formulated by the state as a 
result of the comprehensive investigations is unusually broad in 
vision and scope. It provides for maximum practicable conservation, 
regulation, distribution and utilization of the available water supplies 
of the state, combining and codrdinating the objectives of irrigation, 
municipal, domestic, and industrial water supplies, salinity control, 
flood control, improvement of navigation, hydroelectric power 
production, storage of hydraulic mining debris, and other purposes. 
Basically, it is designed to solve the twofold problem of water conser- 
vation and utilization in California—namely, that of overcoming 
the geographical and seasonal inequalities between water supply and 
demand; and in addition the regulatory problems of flood control, 
ete. A plan of physical works was evolved only after a multiplicity 
of engineering studies and exhaustive analyses. 

The primary physical features of the State Water Plan comprise 
storage reservoirs, both surface and underground, and conduits for 
the conveyance of regulated supplies from point of origin to the areas 
of use. The plan as now formulated is limited to the principal 
geographic divisions of the State, particularly the Sacramento River 
and San Joaquin River basins, the San Francisco Bay Basin and 
South Pacific Basin. It provides for the coérdinated development 
and utilization of the water supplies for all purposes for the benefit 
of 75 per cent of the agricultural area, 90 per cent of the taxable 
wealth and 90 per cent of the population of the state. The present 
plan naturally falls into two major divisions comprising first, the 
works designed for the Sacramento River, San Joaquin River and 
San Francisco Bay basins, and second, a separate and distinct system 
of works for the areas in the South Pacific Basin and adjacent areas 
of southern California. The plan is so designed that it can be carried 
out in progressive steps as necessity demands. 

With the foundation laid by these comprehensive water resources 
investigations and the general State Water Plan evolved therefrom, 
two projects were selected and recommended for immediate develop- 

_ ment to take care of the present necessities of additional water suppl 


d- 
i 
d 
fa; 
if 
= 
£ 
i. 
d 
- 
> 
- 
iT 
4 
) > 
~ 
= 


EDWARD HYATT 


and regulation. One of these is the Colorado River Aqueduct com. 
bined with the Boulder Dam Reservoir development to meet the 
needs in southern California. The other is the Central Valley 
Project—subject of this paper. 
a 


THE CENTRAL VALLEY PROJECT 


_ Although being only a part of the comprehensive State Water 
Plan, the Central Valley Project is in itself an outstanding example 
of regional planning for water resources development. It provides 
for the codrdinated development of the Sacramento and San Joaquin 
Rivers—the two largest streams in the state—through a system of 
physical works to conserve, regulate, and distribute the waters of 
these streams in order to provide urgently needed water supplies for 
existing agricultural, industrial, and municipal developments in the 
Sacramento and San Joaquin valleys and upper San Francisco Bay 
region. It owes its inception to vital necessity. Its chief functionis 
remedial. Its major objective is the preservation of present develop- 
ments and production, and the maintenance of a highly developed 
civilization threatened with serious loss and retrogression because of 
water shortage and inadequate conservation, control, and distribution 
of the available water supplies. 

The area that will be served by the project, chiefly comprising the 
Great Central Valley of California, is about 500 miles long by 40 
miles wide. Already highly developed, it contains over 3,000,000 
acres of irrigated lands in production and supports a population of 
about a million inhabitants. It constitutes the heart of the state, 
both geographically and economically. It is the “back country” 
of the metropolitan centers of San Francisco and Los Angeles which 
enjoy a trade valued at three-quarters of a billion dollars annually on 
commodities moving to and from these valleys. 


IMMEDIATE WATER PROBLEMS TO BE MET BY PROJECT. 


Serious conditions of water shortage and inadequate conservation, 
control and distribution of the available water supplies, which the 
project is designed primarily to remedy, are briefly described as 
follows: 

In the upper San Joaquin Valley there is an area of about a million 
and a quarter acres of highly developed agricultural lands planted 
largely to permanent crops which obtain their supplies partly from 
the surface streams and partly from underground. The local water 
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supplies which are used for the irrigation of these lands are inadequate 
Groundwater levels have 
been receding for some ten years or more, some of the wells going dry 


to take care of the present requirements. 
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KEWNETT RESERVOIR 
WILL BE OPERATED TO REDUCE FLOOD FLOWS 
AND TO FURNISH WATER FOR IRRIGATION, 
THE RESTORATION OF NAVIGATION ,THE 
CONTROL OF SALINITY IN THE DELTA AND 
TO GENERATE ELECTRIC ENERGY. 
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POWER PLANTS 


SACRAMENTO RIVER 
WILL CONVEY WATER FROM KENNETT 
RESERVOIR FOR ALL USES AND WiLL 
HAVE WAVIGABLE DEPTHS RESTORED 
TO REO BLUFF 


$4 WILL CONVEY ELECTRIC ENERGY FROM 


KENNETT TRANSMISSION LINE 


KENNETT DAM UNIT TO LOAD CENTER 


VILLE LAKE. 
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AREA UNDER IRRIGATION WHICH Wit 


DELTA CROSS CHANNEL 
WILL CONVEY SACRAMENTO RIVER WATER 
ACROSS HEAD OF DELTA FOR IRRIGATION 
USE IN DELTA, FOR SALINITY CONTROL, 
AND FOR SUPPLIES TO CONTRA COSTA 
CONDUIT AND SAN JOAQUIN PUMPING 

System 


RECEIVE SACRAMENTO RIVER WATER 


FRESH WATER MAINTAINED IN 
ALL RIVER AND DELTA 


TO LOWER ENO OF DELTA} 


CONTRA COSTA 
CONDUIT 


ACRAMERTO 


MRRIGATED LANDS PRESENTLY 
wen" SUPPLIED BY PUMPING FROM 


LOWER SAN JOAQUIN RIVER 
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WILL CONVEY FRESH WATER 
SUPPLIES MAINTAINED BY 
KENNETT RESERVOIR TO THE 
CITIES INOUSTRIES AND 


SUPPLY TO LANOS IN MADERA COUNTY 


MADERA CANAL 
LL CONVEY SUPPLEMENTAL WATER 


AGRICULTURAL LANDS ALONG SAN FRANCISCO 


SUISUN BAY 


SAN JOAQUIN PUMPING STATION 
WILL CONVEY SURPLUS WATER AND WATER 
MADE AVAILABLE GY KENNETT RESERVOIR 
TO LOWER SAN JOAQUIN VALLEY IRRIGATED é 
LANDS WHERE EXCHANGES WILL BE MADE i 
FOR PRESENT SAN JOAQUIN RIVER SUPPLIES ie 


WHICH WILL BE STORED IN AND DIVERTED 
AT FRIANT RESERVOIR 


IRRIGATED LANDS TO BE FURNISHED \ 
SACRAMENTO RIVER WATER IW \ 


EXCHANGE FOR PRESENT SUPPLY 


FROM SAN JOAQUIN RIVER. 


IRRIGATED LANDS TO BE FURNISHED" a 
A SUPPLEMENTAL WATER SUPPLY * 
FROM SAN JOAQUIN RIVER 
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CALIFORNIA 
MILES 


i FRIANT RESERVOIR 

WILL BE OPERATED TO 

~] STORE SAN JOAQUIN RIVER 
WATER FOR DIVERSION INTO 
THE FRIANT-KERN AND 
MADERA CANALS. 


FRIANT~KERN CANAL 
WILL CONVEY SUPPLEMENTAL 
WATER SUPPLY TO IRRIGATED 
LANDS IN FRESNO, KINGS, 

TULARE AND KERN COUNTIES 
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and the water level receding in others to such depths as to make ~ 
pumping economically prohibitive. As a result much land has 
already been abandoned with a loss of large investments and pro-— 
duction and the situation threatens the extin 


ction of some 400,000 — 
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acres of these valuable producing lands unless additional water 
supplies can be obtained. No more water can be developed from 
the local sources and the only possibility of saving these lands ang 
developments dependent thereon, is the bringing in of water from 
some outside source. 

The second major emergency is in the delta of the Sacramento and 
San Joaquin rivers where these streams join in a network of channels 
and finally discharge into Suisun Bay. Here is nearly half a million 
acres of some of the most fertile, intensely developed agricultural 
lands in the state which obtain their irrigation supplies from the 
delta channels. Reduced flow of the Sacramento and San Joaquin 
rivers into the delta has permitted salt water to invade the delta 
channels by the force of the tides and has rendered the water unfit 
for irrigation over large areas of this section during several months of 
many recent years. Large losses in crop production have already 
occurred and the integrity of delta lands is threatened by this serious 
menace. 

The same problem of salt water invasion has affected an extensively 
developed industrial area along the shore of Suisun Bay and also 
agricultural lands and urban developments in the area immediately 
west of the delta, by greatly decreasing the supply of fresh water 
previously available in the lower river and upper bay channels and 
giving rise to acute problems of water shortage and increased cost of 
water. 

There has been no acute deficiency in water supply experienced in 
the Sacramento Valley. Normally the supply is sufficient for present 
needs, and the total seasonal supply, if properly controlled and 
regulated, far exceeds the requirements. However, shortages have 
occurred for limited periods in recent dry years when the low water 
flow of the streams has been insufficient to meet demands for irriga- 
tion and other purposes. There is a need for additional regulated 
supplies for dry year conditions. Furthermore, flood protection and 
improvement of navigation are urgent problems calling for immediate 
attention. Although considerable flood protection is afforded by 
the existing comprehensive system of levees and by-passes for the 
lands in the Sacramento Valley, there is need for additional protection 
which can be obtained through storage regulation. The Sacramento 
River was formerly navigated by commercial vessels as far up stream 
as Red Bluff. In recent years due to deterioration of the channel 


and decreased stream flow, navigation depths have been decreased 
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to such extent that there has been no dependable commercial naviga- 
tion above Sacramento for considerable periods of several recent 
years. Restoration of navigation on this important waterway is 


most essential. 
ENGINEERING PLAN, OPERATION METHODS AND ACCOMPLISHMENTS 


The Central Valley Project although large is simple and easily 
understood. The physical units are shown on the accompanying 
map. The key unit of the Project is Kennett Dam and Reservoir 
(recently re-named “Shasta” Dam) on the upper Sacramento River, so 
designated because practically all regulated water to be furnished by 
the project will be developed by this storage unit. This reservoir 
will have a storage capacity of not less than 3,000,000 acre feet 
requiring a dam with a minimum height of 420 feet above the stream- 
bed. Preliminary plans contemplate a massive concrete masonry 
structure which will approximate in magnitude the recently com- 
pleted Boulder Dam on the Colorado River. 

Shasta Dam and Reservoir will be operated for many purposes. A 
portion of its capacity will be reserved during the flood season to 
regulate flood flows, affording additional flood protection for a con- 
siderable section of the Sacramento Valley. Waters stored in the 
reservoir will be released through hydroelectric turbines with an 
installation of over 300,000 horse power capable of generating on the 
average about a billion and a half kilowatt hours annually. The 
power generated will be transmitted over a line about 200 miles to a 
point near Antioch which is the approximate load center of the 
northern California power market. After generating hydroelectric 
power, the regulated releases will be allowed to flow down the Sacra- 
mento River, providing a full supply to irrigate all of the lands having 
rights to use water from the Sacramento River, providing ample 
navigation depths to maintain dependable commercial navigation 
throughout the year as far upstream as Chico Landing (possibly as 
far as Red Bluff with additional channel improvements) ; and furnish- 
ing a flow into the Sacramento-San Joaquin Delta which in combina- 
tion with other unregulated inflow will meet the full consumptive 
needs of the delta lands; (varying from 400 second-feet in mid-winter 
to 3,700 second-feet in mid-summer), providing an additional flow of 
3,300 second-feet past Antioch at all times; and, supplying sufficient 
fresh water for industrial, municipal and agricultural use in the upper 
bay area. A conveyance unit designated as the Contra Costa 
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Conduit is provided in the project for taking water from the delta to 
serve the upper bay area in Contra Costa County, 

Over and above all of these requirements, a water supply will be 
made available in the delta for exportation to the San Joaquin 
Valley. This will be conveyed through the San Joaquin Pumping 
System, one of the unique features of the project. This conveyance 
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Sx Jam SITE ON SACRAMENTO RivEeR LOOKING DowNsTREAM 


In accord with the recent announcement of the U. 8. Bureau of Reclamation, 
it has been finally decided to build this dam to a height of 485 feet above low 
water with a maximum height above bedrock of about 560 feet, which will 
provide a total storage of 4,500,000 acre feet. The power plant installation 
below the dam was also announced as 350,000 kilowatts ultimately with 
280,000 kilowatts initial installation. 


unit, with a maximum capacity of 3,000 second-feet, will pump water 
up the San Joaquin River in successive lifts and convey it a distance 
of about 150 miles to a point near Mendota (about directly opposite 
and west of Fresno) on the San Joaquin River at an elevation of 
about 160 feet above sea level. At this point there are several large 
canals which divert practically the entire low water flow of the San 
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Joaquin River for use on lands in the northern San Joaquin Valley. 
Purely as a matter of economics, instead of lifting Sacramento River 
water over 300 feet higher to make it available for use on the lands 
needing it in the southern San Joaquin Valley, the plan provides for 
substituting Sacramento River water for the San Joaquin River water 
now used in the lower San Joaquin Valley. By means of this ex- 
change and the purchase of certain other rights to the use of San 
Joaquin River water attaching to inferior grass lands, the entire flow 
of the San Joaquin River is to be made available for regulation and 
control in a second storage unit of the project designated as Friant 
Reservoir. 

Friant Reservoir will have a storage capacity of 450,000 acre-feet. 
The dam, 250 feet in height above streambed and of the unusual 
length of 3,380 feet, will be a masonry structure of gravity section. 
The regulated flows from this reservoir will be conveyed to the lands 
in the southern San Joaquin Valley by two canals. The Madera 
Canal extending northerly a distance of 35 miles will have a maximum 
capacity of 1,000 second-feet. The Friant-Kern Canal, extending 
southerly to a point near Bakersfield, will be 165 miles in length and 
have a maximum capacity of 3,000 second-feet. 


PROJECT NOW UNDER WAY AS AUTHORIZED FEDERAL UNDERTAKING 


Originally conceived as a state undertaking, adopted by state 
legislation and approved by a statewide referendum election in 1933, 
the Central Valley Project is now a fully authorized and approved 
federal undertaking with funds appropriated and now available to 
start construction. The United States Bureau of Reclamation of 
the Department of Interior is in charge of the construction of the 
Project for the Federal government. For the past two years, the 
Bureau has been engaged in final surveys and explorations and in the 
preparation of final plans and specifications. Mr. Walker R. Young, 
formerly Construction Engineer in charge of Boulder Dam, is Con- 
struction Engineer in charge of the Central Valley Project, with 
headquarters in Sacramento. 

The cost of the Project is estimated in round figures at $170,000,- 
000. Although it is anticipated that Congress will provide additional 
appropriations from year to year in sufficient amount to carry on 
construction work expeditiously, it will be necessary to go to Congress 
each year to insure that the additional appropriations are made. 
The authorization of the Project by Congress provides for its finane- 
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ing under the federal reclamation laws. It is contemplated that the 
cost of the Project will be met by the sale of water and electric power 
to be made available by it. There is a ready market for both the 
water and power to be made available, and the funds derived from 
the sale of water and power are conservatively estimated to be 
sufficient to carry all costs of the Project—maintenance, operation, 
depreciation, and re-payment of the funds advanced by the Federal 
Government in a period of 40 years. 


b 


STATE COOPERATING WITH BUREAU ON FROUECE. 


In a project of this magnitude, there are many problems involved 
which result in unavoidable delay in getting startcd. Engineering 
problems, of course, are many and difficult, but the most difficult 
and complex problems preparatory to getting construction under way 
are concerned chiefly with legal and financial matters. In particular, 
difficulties are involved in the acquisition of rights of way and water 
rights, and in the negotiation of agreements such as required for the 
relocation of the Southern Pacific Railway. Although substantial 
progress has been made in all of these negotiations, there is still 
much work to be done before all of the necessary agreements for the 
acquisition of rights of way and water rights are concluded. 

In this preparatory work, the State of California, through the 
Water Project Authority (the State agency created by the Central 
Valley Project Act of 1933 to administer the Project) is assisting the 
Bureau of Reclamation under a codperative agreement. The 
technical work of the Authority is under the State Engineer acting 
as its Executive Officer. It is undertaking particularly the responsi- 
bility for the negotiations on the water rights and other agreements 
such as that with the Southern Pacific Company, in addition to the 
designation of the general plans and the approval of final plans for 
the Project. i 


front 
FUNDS AVAILABLE AND CONSTRUCTION STARTED ~~ 


Funds available at the present time amount to about $22,000,000 
which will be sufficient to meet the construction budget during the 
coming year. Actual construction has already commenced, with 
contracts let and work under way on camp facilities for both the 
Friant and the Shasta Dams, and on an initial 4 mile section of the 
Contra Costa Conduit. Contracts let so far involve a total expendi- 
ture of less than a million dollars. 
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The construction program has not as yet been announced definitely 
by the Bureau of Reclamation. However, it is expected that work 
will be started during the coming year on both storage dams and on 
other conveyance units in addition to the Contra Costa Conduit. 
Probably the first work undertaken on the Kennett development will 
be the construction of a new railroad for the Southern Pacific Com- 
pany on a higher location around the reservoir, to replace about 37 
miles of its present line in the Sacramento River Canyon within 
thereservoir. The relocation survey has been made and negotiations 
are under way with the Southern Pacific Company covering the 


: 
4 
bs 
is 


2 Chief Engineer, Division of Water, Sacramento. 
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THREE MILLION GALLON ELEVATED STORAGE TANKS 
AT SACRAMENTO 
Henry D. anp Cart M. Hoskinson? 


When Captain John A. Sutter founded the fort in 1839 which was 
the beginning of the City of Sacramento, he showed remarkable fore. 
sight in selecting a location in the heart of the Great Central Valley 
of California where an adequate supply of water of exceptional 
quality was at the door of the city to come. Unfortunately, hoyw- 
ever, nature did not provide with these advantages a convenient 
hilltop on which an elevated storage reservoir for water for future 
consumers could be placed. In the past, therefore, it has always been 
necessary to maintain pressure on the distribution system by con- 
tinuous pumping into the closed water mains. 

Sacramento is roughly bounded on the west by the Sacramento 
River, on the north by the American River and on the east by a 
levee protecting the city from possible damage by overflow from the 
American River. Water was taken from the Sacramento River in 
earlier days at the foot of ‘I’’ Street and pumped into a gridiron 
distribution system covering an area of about four square miles 
which, until 1915, comprised the area of the city. At that time the 
pumping problem was not serious as the business district was near 
the pumping station and the most distant consumer was not more 
that about two miles away. 

The growth of the city must be to the east and south because of 
the river boundaries on the north and west. In 1915 an annexation 
election added about ten square miles to the area of the city, of 
which area about one-half is east and the other half is south of the old 
city limits. In 1924 the new Filtration Plant was placed in operation 

in a location about one-half mile north of the old pumping station 


A paper presented at the meeting of The California Section at Sacramento 
in October, 1937. The authors are Henry D. Dewell, Consulting Structural 
Engineer of San Francisco and Carl M. Hoskinson, Chief Engineer, Divs 
of Water, Sacramento, California. 

1 Consulting Structural Engineer, San Francisco. 
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and outside the area of the city, being situated near the northwest 
corner of same. These changed conditions placed the water system 
in the position of supplying water at adequate pressure to consumers 
about five miles from the pumping station and supplying water for 
fire protection over an area of about fourteen square miles from a 
pumping station located at the northwest corner of this area: The 
topography of the city is quite flat, the maximum difference of eleva- 
tion between the highest and lowest point being about twenty-nine 
feet, the maximum and minimum street elevations being at eleva- 
tions 40* and 11* respectively. As long as ten years ago these condi- 
tions made apparent the desirability of strategically located elevated 
storage tanks but it was not until the Division of Water was organ- 
ized as a self-supporting utility in 1932 that it was made possible to 
fnance their construction. The supply of water to the city on a 
flat rate schedule has resulted in wide variation in pumping rates, 
which have reached maximum summer peaks of about 54 m.g.d. 
rates and minimum rates of about 15 to 16 m.g.d. with total maxi- 
mum daily consumption of about 39 m.g.d. for about 100,000 con- 
sumers. These wide variations between maximum and minimum 
rates and studies of the load curves indicated the need of about nine 
million gallons of elevated storage to balance the pumping loads. 
It was decided to acquire these when possible in three million gallon 
units instead of the 1.5 and 2 million gallon tanks which have been 
generally used. Due to the extraordinary size, estimates were made 
of the costs of several types of reinforced concrete tanks and com- 
pared with manufacturer’s estimates of all steel tanks. Decision to 
build concrete tanks was determined by their apparent lower cost, 
better appearance and the added advantage of employing more 
local labor and material. The two tanks, believed to be the largest 
elevated concrete storage tanks yet built, are located in the eastern 
and southern residential sections and are each approximately 3.7 
miles on an air line from the pumping station. 

Structurally the two tanks are alike except that because of lower 
ground and better foundation conditions, Tank No. 1 has smaller 
footings and is about 7 ft. taller than Tank No. 2. Each tank holds 
3,000,000 gallons, has an interior diameter of 144 ft. and a maximum 
wetted wall height of 26 ft. The floor of the tank in the highest 
structure is 77 ft. above the ground, giving an overall height of 


* Above city datum. 
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The exterior water-resisting walls are of structural steel plates with 
welded joints and these steel walls are surrounded by reinforced 
concrete walls to which they are mechanically bonded. The roof 
are of redwood sheathing supported by redwood rafters and covered 
with asbestos roofing. These rafters are carried by reinforced 
concrete ring beams on reinforced concrete columns extending from 
the level of the tank floor. Central wells 6 feet in diameter with 
8-inch reinforced concrete walls provide access both to the roof and 
to the interior of the tank. Screened openings in the exterior walls 
in combination with center roof ventilators give ventilation for 
preservation of timber roofs. 

Beneath the floor of each tank is the substructure, as it is termed 
in the contract specifications, consisting of a 144-foot inside diameter 
cylindrical reinforced concrete wall and 44 interior reinforced con- 
crete columns arranged in three concentric rings with diameters of 
24 feet, 64 feet, and 109 feet, respectively. 

Two horizontal bracing systems, consisting of radial and circum- 
ferential struts, divide the substructure into three stories, give 
lateral support to both the columns and the walls and enable them 
to act as one unit in resistance to lateral force. 

The steel walls of the tanks, although surrounded by reinforced 
concrete shells to which they are bonded by steel anchors, have been 
designed to resist the full pressure of the contained water without 
assistance from the concrete shells. The concrete shells have three 
principal functions: they furnish a part of the desired architectural 
treatment; their adherence to the steel walls will prevent corrosion 
of the exterior face of the steel; and most important, they will act 
with the steel walls to give the desirable resistance to possible surge 
of the contained water that might be caused by an earthquake. 

The steel walls were tested under full water head as soon as the 
welding had been completed, and showed neither leaks nor sweating 
of joints. While the tanks were still full of water, the reinforced 
concrete shells were cast around them. After a 14-day curing period 
the water was removed and the inside of the steel walls sandblasted 

and painted. The steel walls, thus relieved of pressure, contracted 
and by reason of their bond to the concrete shells, drew the latter 
inward and thus put them in compression, leaving residual stress in 
the steel walls. When the tanks were again filled the concrete shells 
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were expanded to their original positions and condition’ of zero 
stress set up except for any effects of temperature and shrinkage. 
This mutual action between steel walls and concrete shells will 
continue with subsequent filling and emptying of the tanks. Asa 
result the concrete shells will never be in tension from water pressure. 
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CITY OF SACRAMENTO 
TWO OVERHEAD STORAGE TANKS 


CROSS SECTION 
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"During the design period of the job, it was thought that the 
natural bond between steel walls and surrounding concrete might be 
sufficient to make the two act together. Tests were therefore made 
of the bond between sandblasted steel plates and concrete cast 
against them. Results indicated that the bond between the con- 
erete and clean, sandblasted steel surfaces had a minimum value of 
90 pounds per square inch at the age of 28 days, about ten times the 
bond stress. Accordingly the were drawn 
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to require the exterior of the steel walls to be sandblasted before the 
concrete shells were cast around them. Later it became evident 
that the construction would extend into the wet weather season and 
that films of rust might be expected to develop after the steel reip- 
forcing of the concrete shell had been placed. This rust would then 
be difficult, if not impracticable to remove. Therefore, supple- 
mentary tests were made to determine the bond between concrete 
and steel, sandblasted and subsequently rusted. The results of this 
second series of tests were so erratic that it was decided natural 
bond could not be depended upon. Consequently outstanding steel 
strap anchors were welded to the steel walls to provide a definite 
mechanical bond. 

The bottom course of plates of each steel wall is embedded for one- 
half its depth in the concrete of the floor slab. This lowest ring of 
?-inch plate, reinforced by a steel angle welded at its lower edge, is 
anchored into the concrete floor by 32-inch round anchors spaced at 
18 inch intervals. On account of the embedment, this plate acts 
both as a vertical beam in bending and as a hoop in ring tension. 

The top of the steel wall of each tank is reinforced by a steel angle 
which afforded stiffness to the wall during construction. The top 
of the reinforced concrete shell is stiffened by a reinforced concrete 
ledge into which the top of the steel wall is embedded and to which 
are anchored the 3 by 16-inch redwood roof rafters with heavy 
galvanized steel straps bolted to the rafters. This roof construction 
is anchored to the top of the reinforced concrete wall of the tank. 
It is also anchored to the reinforced concrete supporting ring beams 
and columns and to the reinforced concrete walls of the central well 
of the tank. Therefore, in combination with the 2-inch roof sheath- 
ing, the complete roof provides a rigid and strong horizontal dia- 
phragm at the top of the tank, which will give all necessary stiffness 
to the tank walls during an earthquake and will take the reactions 
due to possible surge of water. head om 
edt 

TANK FLOOR 

The tank floors are combinations of reinforced concrete ring girders 
and haunched floor slabs. Two circumferential articulated or hinged 
joints were placed at the two lines of contraflexure in the outer ring 
floor panels of each floor slab to accommodate such differential ver- 
tical movement as will occur between interior columns and exterior 
walls because of variation in settlement of foundations and elastic 
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deformations of columns and walls. It is obvious that there will be 
such differential vertical movements for the column loads are sub- 
stantially water loads only, while the loads of the walls are about 
half water load and half dead load. Also the maximum unit stress in 
the columns is about five times that in walls. 

For the purpose of minimizing the effects of shrinkage, the floor 
slabs were constructed in units separated from each other by water 
stops of 16-ounce copper with welded or brazed joints. These con- 
struction joints were both circumferential, located at the center of 
the slabs, and radial, located in alternate slabs. Adjacent units of 


floor slab were poured in alternate panels. a 


SUBSTRUCTURE WALLS AND COLUMNS 

The inside surfaces of the substructure walls are cylindrical while 
the exterior surfaces form prisms with 24 sides with a minimum wall 
thickness of 10 inches and a maximum of 17 inches, an average thick- 
ness of 124 inches. The exterior faces of the walls are reinforced 
with horizontal }-inch round bars at 8-inch centers and vertical 3-inch 
round bars at 16-inch centers, while the reinforcement of the interior 
faces consist of horizontal 3-inch round bars at 12-inch centers and 
vertical 34-inch round bars at 16-inch centers. Thus the total hori- 
zontal reinforcement of the walls represents a percentage of 0.334 
and the total vertical reinforcement a percentage of 0.200, both 
percentages being based upon the average section of walls. 

The cylindrical form of the substructure walls, their ratio of 
diameter to height and their two planes of intermediate horizontal 
bracing give them great inherent strength in resistance to both 
vertical and horizontal loads. 

An enlargement of the top of each substructure wall forms a ledge 
which supports the outer edge of the tank floor slab, the connection 
between the ledge and floor slab constituting the outer circum- 
ferential articulated joint, purposely made incapable of transmitting 
bending moment. The joint is, however, capable of transferring 
horizontal thrust from one member to the other through the medium 
of j-inch round rods embedded in the concrete of slab and wall and 
located at the center of depth. The joint causes the vertical load of 
floor slab and water to bring a bending moment in the upper portion 
of the substructure wall. This bending moment is resisted by the 
upper story of the wall acting in part as a vertical beam and in part 
in ring tension, the poaprsenas of each being determined by the rela- 
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DEWELL 
tive deflections in bending and in ring tension. The maximum 
moment occurs at the top of the wall and diminishes rapidly to the 
plane of contraflexure, about 10 feet below the tank floor. The 
portion of the wall subject to these combined stresses was given the 
necessary special reinforcement consisting of §-inch round rods, both 
horizontal and vertical. 

The columns are circular in section and spirally reinforced with 1} 
inches of concrete outside the spiral reinforcement. They are 
designed in accordance with the building regulations for reinforced 
concrete now in general use (A.C.I. 501-28) in accordance with which 
only the concrete within the spiral reinforcement. or the core area of 
the columns, is assumed to take stress. 


FOUNDATIONS 
alidur ota -iiew: ts 


Two sets of soil tests, original and confirming, were made for each 
tank by the firms of La Barre and Converse and Abbot A. Hanks, 
Inc.-Hyde Forbes, respectively. By means of special machines, 
loads were placed on the soil in increments. The deflection for each 
increment of load was accurately determined, recorded automatically 
in the first case and manually in the second, and the load released 
after stabilization and the recording of negative deflection. Thus 
the behavior of the soil under load was tested and also that point 
determined beyond which further loads caused permanent settle- 
ment. Two distinct differences in testing procedure are to be noted. 
In one set of tests, the steel pressure plates bore against the sides of 
the test hole against a stratum judged by its relative resistance to 
indentation to be less resistant to vertical pressure than the strata 
above. In the other set, the pressure plates bore vertically upon 
the soil at the bottom of the footings. The results, interpreted by 
the respective consultants were substantially the same and indicated 
that the soil at the site of Tank No. 1 had an effective yield point of 
not less than 20,000 pounds per square foot, while that at Tank No, 2 
had a corresponding effective yield point of about 14,000 pounds per 
square foot. On the basis of these tests, the maximum working 
pressures were established at 4 tons per square foot for Tank No. 1 
and 3 tons per square foot for Tank No. 2. 
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Although there is no record that Sacramento has ever experienced 
_ a major earthquake, it was thought prudent to give the overhead 
storage tanks definite resistance against lateral force. The tank 
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structures are very different from elevated steel water towers in 
that they are definitely rigid instead of flexible structures. Compu- 
tations indicate that the natural period of vibration of the loaded 
structure is about 0.2 second as compared with periods of elevated 


structural steel tank towers of perhaps 1.5 seconds-justifying the 
assumption of rigidity. Therefore, it was considered sufficient to 
design the structures against a static force. 

_ Computations which include consideration of probable actual 
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strengths of materials indicate that the structures will withstand a 
horizontal static force of about 15 per cent of their dead and ful] 
water load without exceeding the normal working stresses for the 
materials of which they are constructed. At maximum unit stregges 
of 13 of the normal working stresses, the usual increase, the earthquake 
resistance factor is about 20 per cent. In the event of earthquake, 
the substructure circular wall of each tank will offer substantially 
the total resistance for the interior columns have but relatively slight 
stiffness. 

The assumption was made that an earthquake will cause the water 
in the tank to surge and the force of this surge was calculated in 
accordance with the theory presented by Prof. Lydik S. Jacobsen, 
Stanford University, in the bulletin of the Seismological Society of 
America for January, 1934. For a lateral force of 10 per cent, the 
surge force was found to be 239,000 pounds. This force will be 
resisted by the combined steel and reinforced concrete wall of the 
tank acting partly in hoop tension and partly as a vertical slab 
- supported at the top by the roof and supported and restrained at 
- the bottom by the tank floor slab and the substructure wall. The 
_ eylindrical reinforced concrete wall of the circular well, to which the 
roof framing is anchored, will also furnish resistance to earthquake. 

Consideration was given to the installation of baffle walls in the 
tanks to decrease or prevent. surge of water during earthquake. 
__- Uneertainty of the effectiveness of such baffle walls, the complica- 
tions that would result from their installation and the ability of the 
tank walls to resist water surge, it was decided that they were not 


MISCELLANEOUS be. 


A 2,500 pounds per square inch concrete, as measured by the ulti- 
mate strength at 28 days, measured by 6 by 12-inch cylinders, field 
a ‘le made and laboratory cured, was assumed for the foundations and a 
a 3,000 pounds per square inch material for all concrete above the 

foundations. To be sure that all concrete in the structure, including 
: ag foundations, would have these minimum ultimate 28-day compres- 
4 sive strengths, proportions were specified that would give average 
oe test values at least 25 ber cent above e the design vaneae, Test cyl- 
strength of 3,500 bbuiide p per square inch for foundation concrete and 
a corresponding strength of 3,800 pounds per square inch for concrete 
above foundations. Test cylinders at greater age indicate that 
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about 4,500 pounds with a probable maximum of 5,000 pounds. 
This concrete strength, some 50 per cent in excess of design strength, 
together with a corresponding increased value at the yield point of | 
reinforcing steel, are of particular value in case of earthquake shock. — 
All joints in the steel walls of the tanks were welded, using shielded ; 
are electrodes. The welding specifications closely followed those 
of the American Petroleum Institute and included the requirement — 
that “Each welder before doing any welding on the work shall pass _ 
qualification tests—carried out under the direct supervision of a | 
testing laboratory to be designated by the City Engineer and—at the 
expense of the contractor.”’ Out of a total of 14 welding operators — 
who took the prescribed test, only seven passed. The specifications 
also included an allowance to cover the expense of special testing — 
and inspection of steel and welding. Although the actual expense — 
exceeded the allowance, the results obtained justified the expenditure. _ 
The workmanship obtained was such that it is felt certain that the _ 
welded joints will develop the strength of the plates. : . 
Welding the 6,090 lineal feet of joint in the two tanks required 1,704 _ 
man hours. With an hourly rate of $1.375, the average labor cost — 
of welding per lineal foot of joint, exclusive of time of welding super- 
intendent, was $0.385. 
When the tanks were filled for testing, some small leakage devel- — 
oped in the construction joints of the floor and also in the joint | 
between the steel plate wall and the concrete floor. Subsequent % 
treatment of these joints with Inertol and special asbestos fiber mastic _ 
corrected these conditions. j 
Water is supplied to each tank through twin 24-inch welded steel 
mains fed from the distribution system which meet in a Y leading =| 
to a single 24-inch steel main to the tank proper. On this 24-inch | 
line and located at ground level near the tank center are two 24-inch 
gate valves set in series one on each side of a 24-inch Golden Anderson — 
delayed double acting differential control valve which controls the 
input to and outflow from each tank. An 18-inch bypass line and _ 
gate valve is provided around this control valve for emergency use. _ 
This main control’ valve fulfills a double function. It will shut off 
the water input to tank when the maximum elevation of 125.0 is _ 
reached and, by setting of the differential diaphragm spring, the — 
outlet may be regulated so that water will be allowed to leave the 
tank at any predetermined main pressure. When pressure on main 
exceeds this setting, the control valve will be closed and will not re- 
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open till main pressure again falls to or below the setting of the spring 
on the outlet control diaphragm. The main riser leading from the 
control valve is a 36-inch welded steel pipe which terminates 6 
inches above the concrete floor of the tank near the center at eleva. 
tion 100 (city datum). 

The indication of level of water in each tank is transmitted from 
each over a two wire circuit from pressure operated Telemeter trans- 
mitter at each tank to Telemeter receivers at the filtration pumping 
station switchboard. These receivers record water levels in the tank 
from 0 to 26 feet on 10-inch, 24-hour charts, so that the pump station 
operator knows at all times just how much water is in each tank and 
may regulate the rate of filling of each tank and draft therefrom. 
Filling of tanks starts in the evening immediately after the peak load 
is past, which is usually about 9 p.m. in summer and the pressure 
at the pump station is so regulated that tanks are filled before 6 a.m. 
Night pumping is encouraged by the power rate schedule which 
exempts the period from 10:30 p.m. to 6:30 a.m. from. demand 
charges. Draft of water from the tanks begins at any time after 
6 a.m. as need arises and continues more or less continuously all day 
through the operation of the differential double acting altitude valve. 

One of the tanks (No. 1) is located about two miles directly north 
of the Municipal Airport and is lighted as an aviation hazard in 
accordance with the Department of Commerce regulations by four 
60-watt lamps in special red Holophane globes at the quarter points 
of the tank circumference at one-third of the height of the tank and 
by a similar row of four lamps at two-thirds of the tank height and 
by a pair of 100-watt lamps operating in parallel in special red twin 
Holophane globes on a special supporting structure above the center 
of the tank roof. These lights are lighted and extinguished by a 
Sangamo electric time switch mounted in cabinet on the interior of 


the wall of the supporting structure. 0a 


The results obtained by operation of the tanks can be best illus- 


trated by reference to the charts Nos. 1, 2 and 3. Each chart was 
taken on a Bristol recording pressure gauge, mounted on wall of a 
fire engine company station about 3000 feet north of Tank No. 1. 
The gauge is connected by a special one inch tap on an eight inch 
main in the street in front of the fire station. Chart No. 1 was 
taken before the 24-inch main to the tank was laid and before the 
tank was built and shows a summer variation of pressure from 11 
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unds to 45 pounds. Chart No. 2 was taken on the same gauge 
after the 24-inch main was laid but before the tank was put in service 
and shows a better sustained summer pressure. It still shows a 
range from 22 pounds to 50 pounds. Chart No. 3 is a summer chart 
taken after 24-inch main and tank were in service and shows a very 
steady pressure all day except during the time of filling of the tank 
when pressure is raised. Apart from this time the pressure varia- 
tion is only from 40 pounds to 50 pounds. 

Chart No. 4 shows a typical summer week of operation of the 
pumping station in 1936 before tanks were built and shows a varia- 
tion of pumping rate between 53 m.g.d. and 18 m.g.d. while Chart 
No. 5 shows a similar week of operation of the pumping station in 
1937 after tanks were built and shows a variation of pumping rate 
between 47 m.g.d. and 17.5 m.g.d., a reduction in maximum pumping 
rate of about 7 m.g.d. This reduction in maximum pumping rates 
naturally results in reduced maximum power demands which are 
the determining factor in governing power costs and the reduction 
in demand will result in reduced power cost, though the exact saving 


has not as yet been determined. Je 
oft ot ode 


_ The operation of these two storage tanks, which were put in service 
in July and August, 1937, has already resulted in much more uniform 
distribution of pressure throughout the distribution system with 
consequent greater satisfaction to consumers. They have practically 
eliminated low pressure complaints; have improved the fire pro- 
tection facilities to a marked extent; and, will result in a reduced cost 
of power and little if any increase in total amount of water consumed. 

The design and construction of the two tanks was carried out under 
the direction of James 8S. Dean, City Manager, Fred J. Klaus, City 
Engineer, R. E. Mittelstaedt, Superintendent of the Division of 
Water and Carl M. Hoskinson, Chief Engineer of the Division of 
Water. Henry D. Dewell acted as Consulting Structural Engineer 
and was in immediate charge of the preparation of plans and specifica- 
tions and supervision of construction and Charles F. Dean was the 
Consulting Architect. The Campbell Construction Company was 
the general contractor. The total contract cost was about $320,000 
and the work was one under a a grant from the Pul lie Works Adminis- 
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«STUDY FOR AN ELEVATED TANK 


GENERAL FEATURES 


The City of Fresno has a comparatively flat topography sloping, 
in a general way, from the north and northeast toward the south and 
southwest. The down-town business section has an average eleva- 
tion of about 290 feet above mean sea level, city datum, the north 
end residence district about 300 to 310 feet, the east end residence 
district about 300 feet, and the southwest side about 285 feet. The 
highest section served by the Water Department mains has a peak 
elevation of 320 feet at Second Street and Grant Avenue. The lowest 
points are 282 feet at the extreme south and southwest city limits, 
Thus the difference in the highest and the lowest points in the entire 
area is about 38 feet. These topographical features are pertinent 
to the problem of water storage for the city system. = 
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_ All water for the city system is pumped from the underground 
supply. The water table gradient conforms in general to the ground 
surface, sloping from the northeast to the southwest. The average 
static depth to water of all the city wells at present is thirty feet, 
The depth to water in the wells located on the north and northeast 
section averages twenty to twenty-five feet and in the central and 
southwest sections, thirty to thirty-five feet. The greatest seasonal 
change occurs in the central part of town where there is a difference 
of about six feet. The water table is normally at the lowest in 
September, at the end of the heavy pumping season, and at the 
highest in February, after recovery from the pumpage depression. 
Open-bottom type wells, drilled to a depth of 100 to 300 feet, with 
deep well turbine pumps, are used entirely. The larger wells, 18 and 


A paper hee at the meeting of the California Section (Sacramento, 


October, 1937 G. B. Cornell, Chief Engineer, Water Department, 
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90 inches in diameter, drilled in recent years, are all cased with No. 
10 gauge, double red steel casing to the first clay stratum above the 
water bearing sand. The most satisfactory method to develop the 
well is to install a high capacity turbine pump set deep enough to 
produce a draw down in the well of forty to fifty feet and a flow of 
4,000 gallons per minute. Usually ten days, or less, operation at 
this rate of flow removes forty to fifty cubic yards of sand and 
develops a well that will yield 100 gallons per minute, or more, per 
foot of draw-down and a minimum of sand when operated at 1,600 to 


2,000 gallons per minute. 
06 


PUMP AND MAIN SYSTEM 


The water mains are one inter-connected grid system in sizes 
4-inch to 12-inch, totalling 250 miles. There are thirty pumping 
plants fairly evenly distributed over the entire area served, pumping 
directly into the mains. All plants are equipped with automatic 
electrical pressure governors. Five strategically located plants act as 
base load plants and are always in operation. The remainder oper- 
ate when required. All plants operate during the summer peak 
demand periods. There are days in the winter months when none 
but the base load plants operate. An endeavor is made to set the 
pressure governors so that only that number of plants necessary to 
maintain an average of thirty-five pounds per square inch pressure 
in the mains will be operating at any one time. This means that the 
plants located near the demand may have an operating range on the 
pressure governor of 12 to 16 pounds and the plants on the outskirts 
a range of 18 to 22 pounds. The start setting of the governor is 
always 3 or 4 pounds below the lowest pressure reached immediately 
after the plant stops operation. This is a safety measure to prevent 
the plant starting again immediately after it has stopped. For, if 
this should happen, the plant would continue to start and stop at 
short intervals, which would soon damage the starting electrical 
equipment on a 75 H.P. or 100 H.P. unit. 


ati USE OF WATER 


"The Fresno City Water Department has approximately 17,300 
residential consumers billed monthly on a flat rate basis, and about 
2,500 industrial and commercial metered services. The characteris- 
tics of the resulting demand on the system are reflected in the curve 
a pumpage, precipitation, and temperature. Precipitation and 
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(J. A.W. Wea, 
E> temperature are the two main factors influencing the amount of 
3 pumpage daily. Any amount of rainfall, even if recorded only ag g 
ih _ trace, is accompanied by an immediate and often a large reduction ip 
q -pumpage. The temperature appears to be the very pulse of the 
demand, especially during the summer months. For every rise or 
_ fall in temperature there is a corresponding and, roughly, propor. 


tional rise or fall in the pumpage. The pumpage on Saturdays and 


_ Sundays is normally somewhat lower than the days preceding and 
- following. But this is a minor factor, and is often nullified by the 
_ more powerful influence of an increase in temperature. 


_ About 50 per cent of the total yearly pumpage is used in lawn 
irrigation as can be shown as follows: ri theta 
Pumpage by months in gallons, 1935 
256 , 541,275 886 , 847, 155 

February........ 244,629,265 June............. 1,183, 100,609 

Maron. 298 , 838 , 584 1 , 229 821 , 953 

en bodes 381,402,489  August............ 1, 160,042, 580 

‘ November....... 331,523,417 September........ 854, 956,445 

: December........ 296, 253 , 427 October.) 445 , 280 ,895 

Total 1,809, 188,407 Total........... 5,760,049,637 


Difference, 3,950,861,230 gallons, or 12,125 acre feet. 


__ The above tabulation of pumpage by months is divided into two 
groups of six months each. On the left are the months in which no 
flat rate irrigation charge is made, and on the right the months in 
which a flat rate irrigation charge is made. If there was no water 
used in irrigation except in those months in which an irrigation 
charge was made, and if there was no increase in the use of water 
for purposes other than irrigation in the May to October period, 
then the difference in the two totals would be the total quantity of 
water used in irrigation for the year 1935. It appears, however, 
that the pumpage in the months of April and November together 
was approximately 175 million gallons above the average of the other 
four months in the group. This must represent, in some part, at 
least, water used for irrigation. On the other hand, the increase in 
industrial and commercial use and in non-irrigation uses by flat, rate 
consumers during the summer months, may easily offset this 175 
million gallons. So the figure of 12,125 acre feet approxmately rep- 
resents the water used in irrigation by flat rate consumers in 1936. 
The flat rate irrigation charge per consumer is made as follows: 
first 75 square yards or less, $0.45 plus 3 cent per square yard for all 
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additional. For consumers outside the city limits the charge is 
$0.50 for 75 square yards or less, and } cent for each additional square 
yard. 

These rates resulted in a total earning of $32,697.20 for a summer 
month having 13,299 flat rate consumers inside the City limits and 
4001 outside. The total flat rate for the same number of consumers 
for a winter month was $16,377.15. The difference, $16,320.05, 
represents the total flat rate charge for irrigation for one summer 
month in 1935. 

299 X 0.45 plus 4001 X 0.50 = $7985.05. aldigeba 


$16, 320.05 minus $7985.05 = $8335.00. co batasol 
833, 500 X 2 = 1,667,000 sq. yds. in excess of minimum. baarweb 
Y, 300 X 75 = 1,297,500 sq. yds. in base rate. at woB 


_ 1,667,000 plus 1,297,500 = 2,964,500 sq. yds. 
_ 2,964,500 square yards or 612.5 acres represents the total measured 
irrigation upon which rates were based. This is less than ten per cent 
of the entire area served by the water department which is approxi- 
mately 6,750 acres, including streets, etc. 

2,964,500 sq. yds. of irrigation for 17,300 consumers is an average 
of 171 sq. yds. each. This figure is not unreasonable as it represents 
an area of 50 feet by 31 feet. 12,125 acre feet divided by 612.5 acres 
equals 19.8 feet, or 238 inches. 

This means that the total water used in irrigation by flat rate 
consumers in the year 1935 was sufficient to cover the entire area 
upon which the rates were based to a depth of approximately 19.8 
feet if applied at one time. 

This is not surprising when it is noted that the total water pumped 
in July is nearly five times that pumped in January, and that the 
pumping rate at the maximum hour in July, 1936, was 74.6 million 
gallons daily or one and one-half times the total pumpage, 49.6 
million gallons, on the maximum day. 

If the population of the area served is taken as 75,000, the average 
daily gallons per capita per month for the last twelve months are as 
follows: 
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STORAGE-ENTIRE SYSTEM 


4 The water department system as a whole has been greatly improved 

in recent years by replacing old mains with new, laying new inter. 
connecting supply mains, replacing inefficient pumping equipment, 
and drilling three new wells. All of this has greatly improved the 
service to consumers, increased the available fire hydrant supply, 
and has resulted in a decided reduction in pumping costs. The next 
major improvement to be added is to increase the storage capacity, 

Because of the flat topography in Fresno, only elevated storage jg 
possible for a gravity supply. However, the storage tanks should be 
located on the highest available places near the areas of greatest 
demand. This would allow the hydraulic gradient at times of out- 
flow to slope with the ground surface, tending to produce equal 
pressure with respect to the ground surface, even at a distance from 
the tank. The principal benefits to be derived from elevated storage 
are greater economy in pump operation, more uniform pressures, and 
a reserve supply for emergencies. The economy in pump operation 
is the result of a more uniform head, which means that the range in 
the pressure governors, as explained above, can be reduced, since 
the drop in pressure when a pump stops would be reduced. Hence 
the pumps would operate fewer hours during the year, since the 
supply from the tanks would help to meet the demand, especially 
in the winter months. Also, the use of storage in operation would 
permit a decrease in the total hours of operation of those pumps 
having the greatest well lift, thus the average operating well head 
could be reduced for the same static water conditions. 

The curve (figure 8) showing the hourly flow for the entire system 
shows the minor effect on the system of the two existing tanks. The 
mass diagram of the hourly flow for the entire system (figure 7) shows 
that for average conditions five million gallons of storage would 
produce a uniform rate of pumping. However, about half of that, 
or three million gallons, if properly located, would produce a uniform 
rate of pumping in the winter months when the demand is seven to 
eight million gallons daily, and would work effectively with the exist- 
ing pumping supply during other seasons, as outlined above. A 
total storage greater than three million gallons would allow too much 
idle capacity during the winter season and would probably prove 
futile as an effort to increase the average pressure during the maxi- 
mum irrigation demands under the existing conditions. 

The standard schedule of the National Board of Fire Underwriters 
(Waterworks Handbook, Flinn, Weston, and Bogert, 1927, page 
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534) assumes a ten hour fire in cities over 2000 population. In large 


cities 


reserve storage should be sufficient to equalize fluctuations in 


demand and supply and to restrict the operating of additional pumps. 


55 


so} 


JULY 20,1936 TOTAL 
49,651,034 GALLONS 


1 Pa “ PUMPAGE CURVE WITH 192,500 GALLONS 
STORAGE USED. 380,000 GALLONS 
40 STORAGE AVAILABLE. 
4 
3 MILLION GALLONS 
4 
4 Av “UNIFORM PUMPING RATE 34,480 GALLONS 
8.5 MILLION GALLONS PER MINUTE.STORAGE REQUIRED FOR 
30 WZ UNIFORM PUMPING 8,500,000 GALLONS 
Aus PROBABLE PUMPAGE CURVE WITH 3,000,000 
fg GALLONS OF ADDITIONAL STORAGE 
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| 


APRIL 18,1936 


Zi ACCUMULATED PUMPAGE IN MILLIONS OF GALLONS 


75 MIL. GAL, [TOTAL 20,839,980 GALLONS 
7 3MIL UNIFORM PUMPING RATE 14,472 GALLONS 
PER MINUTE. STORAGE REQUIRED FOR 
GAL. UNIFORM PUMPING 5,000,000 GALLONS 
“+ PUMPAGE CURVE WITH 176,500 GALLONS STORAGE USED, 
WA 4 380,000 GALLONS STORAGE AVAILABLE. 
4 
PROBABLE PUMPAGE CURVE WITH 3,000,000 
GALLONS OF ADDITIONAL STORAGE. 
estonizi'2345 21234 567 8 
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FIGURE 7.MASS CURVES OF HOURLY PUMPAGE ON MAXIMUM AND AVERAGE DAYS. 
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5,000) 20,839,980 GALLONS. TOTAL 
STORAGE USED 176,500 GALLONS 
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FIGURE 8. HOURLY DEMAND CURVES FOR MAXIMUM AND AVERAGE DAYS 


Ina city of 50,000 population (the 1930 census shows the popula- 


tion of Fresno as 52,513 within the city limits, and fire protection is 
provided only for areas within the city limits) five methods of com- 


puting the requisite capacity are: 
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(1) Most boards of Underwriters recommend 350 per cent of the 
maximum daily consumption. 

(2) Storage capacity of 1 million gallons for each 15,000 population 
to provide six hour fire protection. 

(3) Combined fire and domestic consumption for a city of 50,000 
population reckoned as at the rate of 12 million gallons per day, 

(4) Storage sufficient to supply 18 fire streams, each discharging 
250 gallons per minute, for six hours plus the maximum domestic 
consumption at the same time. 

(5) Storage sufficient to supply 8000 gallons per minute in the 
downtown district for six hours plus the maximum domestic con- 
sumption, at the same time. 

On the curve (figure 8) showing the hourly gallons per minute for 
the entire Fresno system on the maximum day, the maximum six 
hour period of demand was from 3 P.M. to9 P.M. Between these 
hours the mass curve of hourly pumpage for the entire system on the 
maximum day shows a total pumpage slightly in excess of 17 million 
gallons. 

The above five methods of computing storage requirement applied 
to the Fresno system show the following approximate totals respee- 


the AYE M 5.8 ODF, 


These totals are unreasonably high for any method that inhehai 
the maximum domestic demand since the lawn irrigation use in 
Fresno is far above the normal requirement for a city of 50,000 
population. 

The benefits of storage for the Fresno system can be realized by 
the future installation of approximately 3 million gallons capacity in 
5 elevated tanks provided that the sizes and locations suit the condi- 
tions existing at the time of installation. One of these installations 
is herewith considered in detail. 


NORTH SECTION OF FRESNO 


The north section of Fresno between Palm Avenue and the Santa 
Fe Railroad is a high value residential district with a large total area 
of lawn under irrigation. Since lawn irrigation creates by far the 


(1) 1734 million gallons 
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Pressures are above the system pressures. This condition ean be 
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greater portion of the peak demand as was shown above,— this area 
has a high variation in demand. The curve comparing the hourly 
average pressures of the entire system and the north section shows 
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that the pressures during peak load hours in the north section are 
lower than the system average and that during the off peak hours the 
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improved by storage attended by additional benefits as has been 
explained; as it is not possible to install a tank in this residentig] 
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FLGURE 2. HOURLY DEMAND CURVES FOR MAXIMUM AND AVERAGE DAYS, 
NORTH SECTION OF FRESNO. 


area, a site east of the railroad about 12 feet higher in elevation than 
the center of demand can be used. 

A map (figure 9) shows the existing mains, 4-inch and larger, 
in this section. This section is not isolated, but is connected with 
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the water in the tank on the hourly os curves is also approxi- 
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the rest of the system as was previously explained. However, only 
the records of those pumping plants actually in the area to be studied 
are used in the curves, since the operating characteristics of these 
plants are to be considered. 

The mass diagram (figure 1) of the hourly pumpage for average 
conditions shows a maximum of one million gallons of storage would 
be required for uniform pumping. Hence about one-half of this 
storage would produce a uniform pumping rate during the winter 
season, even though the effective area of influence of the storage 
would be increased during that season because of lower demands. 

For purposes of comparison the capital costs and annual charges 
for four sizes of tanks and a complete pumping plant have been 
placed at the end of this report. The annual charges on a one-half 
nillion gallon tank is $126.00 less than the annual charges on a 
pumping plant. 

The hourly gradient curves (figures 4 and 5) for each of the five 
pumping plants for the average and maximum day show that the high 
water line should be about 90 feet above foundations and the depth 
of tank should be about 25 feet to make all the storage effective. The 
hydraulic gradients for the maximum and minimum flow hours shows 
the change in head at each station that would result with a tank as 
above described. A schematic comparison of a low range in head 
tank and one of smaller diameter and higher range in head is also 
shown on this curve. 


The curve of hourly flow (figure 2) on the maximum and a average 
days shows the rate of discharge from the tank and the rate of 
replenishment. The high rate of flow into the tank immediately 
following the peak hour is the result of the comparatively sudden 
drop in the demand. Without storage this change means a rapid 
increase in the pressure at all stations as the hourly gradient curves 
show. With the storage tank, this increase in pressure will be 
delayed as the filling of the tank would act as a demand. Before 
the tank is full, the pumps can stop automatically in the order: 
Station 29, Station 25, Station 23, Station 17. It is important that 
the plants be stopped before the tank is full so as to allow the tank to 
continue to fill during the time when there is an excess of pumping 
above the demand. The heavy line showing the probable top of 
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FIGURE 6. AVERAGE HOURLY PRESSURE CURVES FOR MAXIMUN DEMAND Day 
ENTIRE SYSTEM. 
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mately the average pressure gradient of all the plants. Station 13 
would continue to operate as a base load plant as it is connected with 
the wholesale power rate at the substation. For perfect operation 


Note—Refer to figure 3. Hydraulic gradients on July 20, 1936 indicated by 
“o”’. Probable hydraulic gradients with storage indicated by “‘x’’. 
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__ the tank valve should never close but should be on the verge of 
closing during the time when the tank is shown full. Under this 
operation the altitude valve would act only as a safety device to 

_ prevent overflow. Another method of operation resorted to in case 
_ the storage supply is exhausted before the peak demand period js 
_ over is to allow the pump pressures to build up to a point where the 
tank valve will be sure to close every night and arrange a control to 
___ allow the valve to open when the pressure in the mains has dropped. 
e a This method allows the full capacity of the storage to be held until 


‘ “a the peak demand hours. However, under this method of operation 


2 the pump pressures vary during those hours when the tank valve ig 
be closed in the same relation that would result if no storage existed, 
s _ Furthermore, if the main pressure at which the valve opens is very 
much below the equivalent of a full tank, the storage water above 

_ the equivalent main pressure flows out rapidly and is soon exhausted. 


ph for the existing tank at Second Street and Grant Avenue for the 
summer months, since the 150,000 gallons of storage is exhausted 

- long before the peak hour of demand when the open valve operation 
used. 

The existing tank at Fresno and “O”’ Streets, erected about 1888, 
has a capacity of 230,000 gallons in a range of head of 35 feet or 
about 15 pounds per square inch in pressure. The tank is full at 36 
pounds per square inch main pressure at ground level or an equiva- 
lent of 83 feet to top of water. The bottom of the tank is 51 feet 
above ground, hence the pressure when all storage is exhausted 
would be 22 pounds per square inch at ground level; However, the 
main pressure during the past season never dropped below 30 pounds 
per square inch at ground level. This means that the storage in 
the lower half of the tank was never available for use. The size 
and height of the proposed tank are such as to avoid either of the 
above results. 

A third method of operation, combining the best features of the 
above two, can be achieved by using a combination altitude and 
reducing valve and should prove more effective than either of the 
other two methods alone. The combination valve should act as a 
reducing valve for the top half of the tank on outflow and as an open 
valve for the lower half on outflow and the entire tank on inflow. 
This can be done, by means of adjustable pilot valves: an altitude 


\ 
Bc This reduces the effectiveness of the tank to a much shorter period 
ne than might at first be supposed. This method has been resorted to 
a 
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: pilot, actuated by tank pressure, to close the valve when the tank is 
3 actuated by tank pressure, to open the valve when the tank is half 


jn the mains to hold the tank full until required by the demand. 


full; a reducing pilot, actuated by main pressure, to control the out- 
flow of the upper half of the tank; and a double acting pilot valve, 


empty. With this valve in operation, the tank could be allowed to 
- fill early, eliminating the necessity of maintaining a full tank pressure 


The reducing pilot should be set at a pressure that will allow the 
- pumping plants to begin operation in the forenoon before the upper 
half of the tank is exhausted, thus preventing dumping of the tank at 
main pressures above the equivalent of a half-full tank. The double 
acting pilot should open the valve fully at the beginning of the peak 
demand period, allowing free discharge of the lower half of the tank 
during the peak demand period and the refill period immediately 
following. A daily cycle could be established approximately as 
follows: 2 A.M. tank full altitude pilot closes valve, 6 A.M. begins 
outflow as a reducing valve, 4 P.M. tank half full double acting pilot 
opens valve fully, 9 P.M. tank begins to refill with full open valve. 
Under this cycle the tank would be full and idle four hours, discharg- 
ing through a reducing valve ten hours, and floating on the main 
with an open valve ten hours. This method of operation appears 
to be ideal, making the tank “easy to fill and hard to empty,” filling 
rapidly and discharging with the effectiveness equivalent of a tank 
of much greater capacity operated on a full open valve. It allows 
discharge into the mains only at a desired pressure and permits the 
maximum boost in pressure during the peak demand period. It also 
makes possible adjustments to meet seasonal changes in demand and 
future changes in the conditions of demand or pumping as well as the 
adjustment sometimes necessary to coérdinate the operation of one 


tank with another. See: 
= » Sm. 


In the north section of Fresno the high daily variation in water 
pressure during the summer months, due to lawn irrigation, can be 
reduced by installing an elevated storage tank at Clinton and Del 
Mar Avenues, having the maximum height of water ninety feet 
above the foundations and a capacity of not less than 500,000 gallons 
within a range of twenty-five feet. The design and general appear- 
ance Should be suitable for a location near a high value residential 
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The results of such a storage tank will be: greater economy in 
pump operation; a more uniform pressure; and a reserve supply 
for domestic use and fire protection during emergencies. 

If the annual cost of the storage tank, less the annual saving in 
pumping cost, is compared with the annual cost of a pumping plant 
with an estimated life of twenty years, the storage tank costs show a 
total saving for the twenty year period of $46,120.00. The annual 
saving in pumping costs would equal the capital cost of the tank 
within a period of seventeen years. 

Similar benefits can be had in the future by installing elevated 
storage tanks in. other sections of the city. 

These storage tanks should have a range in head of approximately 
twenty-five feet at an average elevation of eighty feet, operated with 
a control valve that allows discharge at main pressures 35 pounds 
and below and unregulated inflow through a fully open valve. This 
would allow the tanks to fill under the excess pressure at night with- 
out additional pumping expense and to discharge only when the 
pressure in the mains falls below the established average of 35 pounds 
per square inch. Under the existing demand, a daily average pres- 
sure range of 10 or 12 pounds could be established for all parts of 
the system, even those locations that now have a daily range of 20 
to 25 pounds. Reducing the system pressure range by one half is of 
great importance from the consumer’s view point, as pressures very 
much below an accustomed average are an inconvenience and 
pressures very much above are a nuisance. The saving in pumping 
costs occurs in the winter months when pumping is reduced to a 

nearly uniform rate. PAE SEN TOES 
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DISTRIBUTION RESERVOIRS 


By G. E. ATKINSON bet 


The term distribution ‘reservoir’ is broad and may include most 
any type of water container. Therefore, to bring our subject within 


which is used for the storage of water and forms a part of the dis- 
_ tribution system and is within or contiguous to the distribution area, 
a oH These distributing reservoirs serve various purposes and we, as a 


rE 


_ group of men interested in all phases of water works, probably have 


varied interests in them. I will not attempt to cover all of these 


interests, but being guided by the comments of some of our members, 
attempt to discuss them from the view of a water superintendent. 

Toa water superintendent, a distributing reservoir is a basin witha 
quantity of water he has stored away for (1) insurance against failure 
of a supply system, pumps or conduits; (2) the equalization of hourly 
or daily fluctuations of demand of quantities or pressure or fire- 
fighting; (3) economy of operation by avoidance of twenty-four hours 
operation of pumping station; or (4) the storage of ground water 
to allow a more economical operation of wells by reducing the 
maximum rate of draft on ground water supply and allowing use of 
smaller well pumps. 

The question of the advisability of the use of distributing reservoirs 
is one of economics in a system that is served from impounding reser- 
voirs. In smaller communities they serve both as an impounding 
reservoir and a distribution reservoir. Our aim, as operators, is to 
provide the best service possible at the lowest cost. 

During the early days of water works development economics was 
not considered as a major factor of design, the idea being in the main 
to provide water. Costs or lives of the water plants were not con- 
sidered in most instances. Water was found in one place and con- 
veyed by dny means at hand to another. As a result of this, many 
of our systems in Montana have had to be reconstructed and modern- 
ized. 


A paper presented before the Montana Section Meeting a 7 
1937) by G. E. Atkinson, City Engineer, Havre, Montana. 
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them, all factors should be amply studied and the most suited system, 


yoL. 30, NO. 3] «DISTRIBUTION RESERVOIRS 433 

The early systems were constructed to serve the immediate de- 
mand. In most of our communities, due to growth, periodic recon- 
struction of sections of the system or complete reconstruction of 
entire systems has been necessary. 

Our early reservoirs in Montana were combined impounding and 
distributing reservoirs constructed by damming spring-fed creeks or 
mountain water courses. The main thought was to catch water, 
in some instances for public supply and in other instances for use in 
mining or for use of stock. Examples of these are the early day sys- 
tems of Helena, Virginia City, and the military posts. 

With the development and increase in population it became neces- 
sary to augment the storage capacities of the first reservoirs, and in 
communities away from springs and streams there was a develop- 
ment of the use of ground waters. 

At this time it was impossible to obtain the advanced building ma- 
terials in Montana so improvements in reservoirs had to be made with 
materials at hand; stone and wood. We find some of our systems are 
still served by reservoirs of stone, such as the basins at Chinook built 
in 1904. The industrial and railroad supplies used wooden distribu- 
ting tanks and earth reservoirs. 

The development of engineering design, building materials, and 
the lowering of shipping costs has made it possible since the opening 
of this century for us to construct steel and concrete reservoirs and 
sponsor water systems developments at points where natural building 
materials could not be found. 

Over this period there has been a change from the thought of 
“obtaining water at any cost” to the thought of economically ob- 
taining the best water possible. 

This led to the development of designed systems with “built up” 
reservoirs located on the high points in the plains country and the 
water from wells or creeks was pumped up into them to flow by grav- 
ity into distribution systems. 

In some places early day methods and inexperience caused troubles. 
Conerete reservoirs, built to last lifetimes, have cracked, broken 
away, and leaked. Freezing has occurred and caused permanent 
damage, and from many sources we hear of dirt and pollution from 
the use of uncovered reservoirs. 

Reservoirs are comparatively large sructures in our water works 
systems, and when it becomes necessary to construct or reconstruct 
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oe from the economical, structural and mechanical viewpoints, used. 
; We must build for the future and studies of the troubles of the past 
p54 will aid us to eliminate those troubles in the future. 
As our communities grow we must provide more fire protection and 
_ public supply. This may require additional storage capacity and in 
topography provision for additional pressure or equaliga. 
- tion of pressure. The city of Billings is at present building a very 
unusual distributing reservoir in solid rock in an effort to extend the 
_ services of the system. This reservoir is hollowed out of solid rock 
hs and is in the form of a 33 foot diameter sphere. It will be an inter. 
<a _ mediate reservoir between the present city reservoir and the stand- 
pipe at the Airport on the top of Rimrock Hill. 
The town of Thompson Falls is served by a gravity flow system and 
a has installed a distributing reservoir near town to provide an ample 
supply near at hand to care for the fluctuations in demand. 
_ _Inexperienced design and construction have caused many of our 
old reservoirs to leak and become dangerous. This has been a 
Q burdensome problem to water superintendents for these past few 
years have required of most of us that our repairs and replacements 
be done as cheaply as possible. This was especially true in the smal- 
ler communities. 
The workmen of the past may have erred in judgment as to the 
- possible growth of the water systems and did not provide enough 
capacity. It then falls to us to provide additional capacity in the 
- most economical manner. We must study our records of demands 


: 4 methods of modernization of our plant. Too much can not be said 
in favor of keeping statistics of our systems. Records are important 
for by them we keep a clear picture of the activities of our systems. 
_ Records of hourly and daily consumption may seem tedious at the 


Our predecessors may also have erred in the use of materials for 
the construction of our reservoirs. In steel constructions there 


ai careless maintenance would allow corrosion troubles to ereep in. 
In concrete work, errors in materials or methods of construction have 
caused many of us much worry. We of the present day are required 
os to work for permanence. Patching or repairing bad concrete is 4 
_ difficult task. Our early concrete reservoirs are for the most ™ 


upon syst omm the poss 
_ ; _ time they are compiled, but when we are planning the design of a new 
reservoir, we would find them a valuable asset. 
probably w 
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“gravity wall types.’’ By this, I mean walls which are strong enough 
to support their loads because of the bulk or weight. Cracks and 
small failures in these types can often be repaired by replacing the 
bad sections with good concrete plugs or jackets and applying a good 
inner coating of paint or enamel to seal the pores of the inside surface 
of our tanks, The reservoir at Havre was repaired in this manner 
and is giving good ‘‘no leak”’ service. If we plaster or grout, we must 
be careful that the water does not get through the new surface and 
break the bond between it and the old. 

It is more difficult to repair or replace parts of reservoirs that are, 
in the strict sense of the word, reinforced concrete structures, for 
they are designed to act as a complete structural unitand patching 
faults in this type of structure is usually unsuccessful. 

There have been some structural failures due to failures of the 
ground supporting the tanks, but as a rule reservoirs are on high 
well drained points and the foundation ground remains intact except 
when leaks occur in the bottoms. 

Our early reservoirs were ail uncovered. The builders probably 
did not think of covering them. The water was being retained and 
that was sufficient. 

With the development of the state, dirt found its way into the water 
supplies. To protect water users, all possible sources of pollution had 
to be watched and the water supplies protected. In the attempt to 
do this constant studies have been made on all parts of our water 
systems. From these studies and reports we find that trouble has 
occurred in practically all cases where there are uncovered distribut- 
ing reservoirs. Most of these are fenced, but all man-made fences 
are surmountable and then, also, this is a country of winds and dust 
which carry all sorts of bacteria. Many superintendents report 
that rodents, mice, birds, frogs, coyotes, and even human beings 
sometimes drown in their uncovered water supplies. Since dis- 
tributing reservoirs are usually within our water systems, being in 
effect a large piece of pipe at the top or at some point in the hydraulic 
grade, it is difficult to treat the water adequately with chemicals to 
prevent pollution. About the only method of chemical treatment 
for this would be intermittent dosing, and since we would have no 
measure of the flow of water, this would be unsatisfactory and where 
the water is treated before entering the reservoir, unnecessary. 

One might say the problem is often one of psychology; that is, tg 
that the real trouble is in the feeling of the on after — — 
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G. B. ATKINSON A. W. 
_ that dirt can get into their water supply. The best way to erase that 
feeling is to prevent the dirt from getting into the supply. 

Then too, there is the fact that algae has given some of us trouble 

- in our open reservoirs. This difficulty varies with local conditions 
and waters. Havre had algae troubles along with dust, dirt and 
_ bathers before the reservoir was repaired and covered. Since the 
ee a wood roof was placed in 1934, there has been no algae growth and 
_ fewer cleanings have been required. 

_ In some instances where chlorination is practical, the bacteria 
_ quality of the water is not always bettered by the use of covers, de- 
pendent upon local conditions. 

It is the trend of thought of the leading water works operators, 
expressed through the A. W. W. A. Journal, that the use of open dis- 
: { tributing reservoirs is obsolete. Therefore, we in our aim to build 
for better water services should heed these thoughts. 
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CHEMICAL METHODS IN SLIME AND ALGAE CONTROL | ; 
By H. K. Nason 


The problems of slime and algae control are closely related. Both 
result from the growth of microorganisms in aqueous media, and in 
both cases the use of toxic chemicals is effective in the control of these _ 
organisms. Slime control is chiefly an industrial problem; algae __ 
control may concern waterworks and sewage disposal plants as well. 

In this paper we shall review the causes of slime and algae growths 
and the principal chemical methods used for their prevention and — 
elimination. Recent developments in synthetic organic algicides 
will also be discussed. While these new organics are applicable at 
present only to industrial slime and algae control, they should, for — 
several reasons, be of interest to the waterworks operator. Develop- _ 
ment in the field of industrial algicides point the way to further _ 
research that may lead to the preparation of chemicals which could — 
be applied in waterworks practice. The increasing demand on water — 
supply and disposal facilities brought about by air conditioning has 
focused attention on re-use of cooling water. In circulating cooling 
water systems, slime and algae problems are more severe. Hence, 

the waterworks man should be interested in developments which _ 
make water-saving devices more practical and encourage their more _ 


wi 4 
ALGAE 
_ Algae growths are probably most familiar as the green “scum” 
which forms on ponds or other quiet waters in the spring and early 
summer. This “‘secum” is composed of millions of tiny plant cells. 
The algae are among the lowest and simplest forms of plant life. 
The individual units are so small that they may be studied only with 
the aid of the microscope, but despite their diminutive size, these 
organisms, because of their ability to multiply rapidly and thus 
produce large masses of plant material, frequently constitute a real 


A paper presented at the meeting of the Missouri Valley Section (Omaha, 
Nebraska, November, 1937) by H. K. Nason, Research Chemist, Monsanto 


Chemical Co., St. Louis, Missouri. Cones 
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threat a man’s comfort and well being. Consequently, their re. 
moval becomes an engineering problem of considerable importance. 
Active cooperation between the engineer, the biologist and the chem- 
ist has provided efficient means for combating and eliminating these 
growths. 

For purposes of scientific classification, American fresh-water algae 
are divided into nine classes, namely, Myzxophyceae, Rhodophyceae, 
Heterokontae, Chrysophyceae, Bacillariaceae, Phaeophyceae, Dinophy- 
ceae, Chlorophyceae and Euglenophyceae (1). For practical purposes, 
however, these are usually grouped together as diatoms, blue-green 
algae (Cyanophyceae) and green algae (Chlorophyceae) (2). As there 
are several thousand different species belonging to the above groups, 
the exact identification of any particular organism is a task for an 
expert. Approximate classification may often be of great practical 
value, however. 

The diatoms are chiefly single celled. They are sometimes united 
into chains and are frequently held together in bands or masses by 
means of a gelatinous substance. The protoplasm is enclosed in a 
cell wall of a tough siliceous material which is frequently marked 
with very delicate and distinctive patterns. This cell wall is in the 
form of two valves, fitting together like a clam shell, but differing in 
that they overlap like the cover and bottom of a pill box. Diatoms 
have a yellow pigment, diatomin, which may easily be distinguished 
under the microscope. The green coloring matter of ordinary plants, 
chlorophyll, is rarely present. 

The Cyanophyceae possess chlorophyll but its green color is largely 
obscured by a bluish pigment, phycocyan; the resultant. blend is 
responsible for the identification of this group as the “blue-green” 
algae. They are free floating or live in gelatinous masses or strata. 
The members of this class are usually responsible for the familiar 
“bloom’’ or ‘scum’ on the surface of ponds. The various species 
may occur as single cells, masses, filaments or chains. 

The Chlorophyceae have the characteristic green pigment of the 
higher plants, chlorophyll. This group comprises a wide range of 
organisms from single cells to multicellular and flagellate forms. 
Some are free floating; others form the stringy filaments which one 
sees attached to stones in the bottoms of shallow brooks with the 
free ends waving gently in the current. In reservoirs, these fila- 
ments attach themselves to the sides and bottom and to pipe lines. 
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OTHER FORMS IN SURFACE WATERS = 


In addition to the true algae forms discussed above, algae deposits 
usually contain smaller or larger quantities of protozoa, metazoa and 
~ bacteria. Fungi may also be present if the deposit is not completely 

ae Protozoa are primitive, single-celled forms of animal 
life; metazoa are simple animals composed of a limited number of 
none of which‘are highly specialized. 


a Algae play a part in the purification of streams and other bodies of 


water. They utilize organic matter and its degradation products to 
some extent, and also take carbon dioxide, either from decaying 
organic matter or from the air, and build it into their own structure. 
In this process oxygen is liberated; waters containing algae are 
usually rich in oxygen. An abundant oxygen supply encourages 
the growth of other microorganisms which destroy or degrade organic 
matter. Hence, algae have a definite function in the organic cycle. 

Heavy growths of algae in streams or lakes from which domestic 
water supplies are taken or in reservoirs and pipe lines are very 
undesirable. They discolor the water, thus rendering it unpalatable 
to the consumer, and tend to clog filters, thus interfering with the 
purification process. In pipe lines, they form an adherent deposit 
which reduces the carrying capacity and, by increasing friction losses, 
produces abnormally high drops in pressure. Crenothriz, the iron 
bacterium, is especially troublesome in this respect and drops of 
sixteen per cent in flow rate have been caused by only three weeks 
growth of this organism (3). 

The commonest and most objectionable effect of algae growths in 
drinking water supplies is the production of tastes and odors which 
render the water unpalatable to the consumer. These tastes and 
odors are caused by certain aromatic oils that are formed within the 
plant cell and liberated during life or after the death of the organism. 
The amount of oily matter required to produce a distinct odor is 
remarkably small, and may be detected in some cases when diluted 
with as much as twenty-five million parts of water. The odors are 
intensified by any violent physical change which tends to rupture 
the cell walls and liberate the oil droplets (2). The use of copper 
sulfate to kill algae growths may result in the liberation of odors and 
tastes. Chlorination tends to intensify the tastes and odors caused 
by these oils, but the use of sufficient chlorine destroys them. The 
types of odors produced vary considerably and are characteristic 
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of the organisms involved. Thus, Anabaena and Aphanizomenon 
confer a grassy odor, Uroglena and Dinobryon give a fish odor and 
Asterionella and Tabellaria are responsible for an aromatic odor. 
The exact type of odor conferred is also influenced by the number of 
organisms present. For example, small amounts of Anabaena give a 
faint grassy odor, larger amounts give a pungent odor like nasturtium, 
while heavy contamination, especially if decaying, gives a vile pig- 
pen odor (4). 

Since algae multiply rapidly, sufficient growth to produce objec- 
tionable tastes and odors may take place in only a day or two. The 
character of the taints thus produced may vary considerably from 
season to season since there is a distinct periodicity of algal types in 
natural waters. In general, Diatoms attain maximum growth in the 
spring and again in the fall, Chlorophyceae growth is heaviest in early 
summer, while late summer and early fall usually find Myzophyceae 
predominating (5). These changes are brought about by variations 
in temperature, light and food supply. Under artificial conditions, 
as for example in spray ponds and cooling towers, where temperature, 
food and light are more nearly constant the year around, the algae 
population will not vary so greatly. The changes in algal conditions 
in a water supply may occur with abrupt suddenness at certain times 
of the year, so that taste and odor conditions may be spread through 
the distribution system before the operator is aware that algae 
growths exist. No other difficulty will produce consumer complaints 
so quickly or so intensely. 

The growth of algae in lakes and pools intended for recreational 
purposes may cause offensive odors, unsightly “‘scums”’ on the surface, 
and render the water undesirable for bathing or boating. Growth 
of algae in swimming pools imparts an undesirable color and turbidity 
and produces slick, slimy deposits on the walls and bottom which 
may cause accidents (6). 

Industrial processes as laundering, dying, photography and textile 
finishing may be adversely affected by algae present in the water 
supply. 

In modern heat-transfer systems and apparatus, algae control is 
especially important. The recent trend in heat engineering is toward 
higher and higher operating efficiencies. This high efficiency is 
absolutely dependent upon the maintenance of an unusually high 
rate of heat flow through heat-transfer surfaces. This high rate of 
heat flow is impossible if these surfaces are allowed to become fouled 
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with even small amounts of insulating materials, or if the rapid _ 

circulation of the conducting fluids is impaired. Algae growths — 

easily become attached to such surfaces to form slimy deposits which 
have a very high insulating value. In modern power plants, a few 
hundredths of an inch of such a deposit on condenser surfaces so 
destroys the efficiency and upsets the heat balance that the equip- 
ment must be taken out of service until the deposit can be removed. 

Slime deposits are of great importance in heat-transfer equipment. 
They may sometimes be the result of algae accumulation only, but 
usually they are comparatively rich in bacteria and protozoa as well. 
Aslime deposit differs from a purely algal growth in that it is denser, 
more gelatinous and usually more tightly adherent to the surface _ 
affected. Slimes may also contain inorganic salts, frequently of — 
scale forming nature such as calcium carbonate and magnesium 
carbonate, and they usually contain greater or lesser amounts of 
organic and inorganic débris, mechanically entrapped. Fungi may 
also be present (7). 

The increased use of air conditioning equipment has focused addi- 
tional attention on algae and slime control. While power plants and 
other large users of cooling water generally employ cooling towers or 
spray ponds to minimize fresh water requirements, many air-condi- 
tioning systems use water from the city mains for cooling or con- 
densing purposes and waste it to the sewer when it has served its 
purpose. Since 1933 the number of air-conditioning installations in 
the United States has increased 1400 per cent and as forty per cent 
of these depend wholly on city supplies for cooling water, very high 
peak demands have arisen (8). Winter water demand of such sys- 
tems is very small; the greatest load comes in hot weather when other 
demands for water are also at a maximum (9). The potential 
demand at maximum capacity of existing air-conditioning equipment 
has been estimated to be more than seven hundred billion gallons per 
day. The actual peak demand has been placed by others at 1.65 
gallons per capita per day (10). These figures are expected to double 
annually for several years. 

As would be expected, these conditions have made themselves felt. 
Some cities have already restricted water use in air-conditioning 
equipment because of inability to meet peak demands. Other city 
supplies are now at peak or near it and others soon will be. Natu- 
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rally, these systems will be unable to accommodate additional 
demands for water. Chicago, while possessing water supplies jn 
excess of the expected demand for several years to come, is faced with 
an equally serious problem in that the disposal facilities are inade- 
quate to handle the cooling water now discharged into them in hot 
weather (11). 

Because of the pinch of inadequate water supply or disposal fagili- 
ties for unbridled use of air conditioning equipment, many cities must 
either consider enlarging these facilities at a cost of millions of dollars 
or must insist that conservation of water resources be practiced by 
the use of circulating cooling water systems which require only five 
per cent as much fresh water. The latter course is generally 
indicated. 

The re-use of cooling water in circulating systems must be accom- 
panied by intelligent chemical treatment, however, as such systems 
favor slime and algae formation as well as mineral incrustation by 
scale-forming solids present in the water. It is in such systems that 
the older methods of control are least effective and for these applica- 
tions, newer synthetic materials are proving of great value. 

_ Methods of eliminating slime and algae troubles may be classified 
as chemical, physical and mechanical. 

The latter, which consists merely of periodic manual cleaning, is 
the simplest in principle but most complicated and least satisfactory 
in practice. It is very expensive, is never thorough since many parts 
of most pieces of equipment are inaccessible, throws the system out 
of use for a considerable period, and it gives improved operation 
only for a short time, after which the befouled condition gradually 
reoccurs. 

Physical methods are of many types of which only a few will be 
mentioned. The equipment may be designed for high rates of turbu- 
lent flow of the water in order to keep the deposits scrubbed off and 
prevent their attachment. The temperature of the circulating water 
may be periodically raised sufficiently to kill the organisms. This 
method is very effective in killing mussels but will not remove slime 
or keep condensers clean. Electric currents may be used to prevent 
attachment of the deposits. While electrolytic methods may have 
some value, conclusive evidence is lacking. It has also been claimed 

that where results are obtained, they are due more to chlorine pro- 
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duced by electrolysis of salt in the water than to the electromotive 
force imposed (7). As algae will not grow in the dark, covering of 
reservoirs has been proposed and this is apparently quite effective. 
Other organisms, particularly Crenothriz, will grow in the dark, so 
only troubles due to green algae can be controlled in this way (2). 
Algae are killed by ultraviolet light when sufficiently exposed (12), 
and while this is not a very practical method of destruction, it is 
occasionally used. Other methods mentioned in¢lude exclusion of 
food materials from the water, aeration and biological control of the 
water source. 

In general, physical methods have proven unsatisfactory for slime 
and algae control. 

Only by chemical means can slime and algae be continuously con- 
trolled efficiently and economically. Those chemicals most generally 
used are ones which exert a toxic action upon the causative micro- 
organisms. Included in this class are chlorine, chlorine-ammonia 
(chloramine), copper sulfate, mercury and other heavy metal com- 
pounds, oxidizing agents and various special organic or inorganic 
toxics. Occasionally acids (such as hydrochloric) or, more suitably, 
inhibited acids are used to rapidly remove deposits by dissolving the 
inorganic salts which strengthen the attachments or by disintegrating 
the deposits themselves. Such treatment, because of its difficulty, 
danger and cost, is applicable only to relatively small systems and 
there only as an emergency measure. Caustic alkali solutions have 
been used for the same purpose but are subject to the same limitations 
as acids. 

The choice of the proper chemical for any particular problem is 
dependent upon a number of factors. The type of system greatly 
influences the selection. Thus it is apparent that a chemical which 
is satisfactory as an algicide in a small cooling tower may be unsuit- 
able for treatment of a domestic water reservoir, or may be valueless 
for preventing a bacterial slime in a different cooling-water system. 

In order to arrive at the most suitable agent for any specific 
application, consideration must be given to each of the following 
factors: 

1. Composition of the algae or slime deposits; organisms re- 
sponsible; secondary constituents; organic and inorganic 
 débris. 

_ 2. Toxicity of various toxic agents to the organisms involved. 
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which might interfere or react with the toxic chemicals 
available. 
4. Volume of water to be treated; used once and lost or recirey. 
lated. If recirculated, approximate amount of make-up. 
5. Purpose for which water is used. 
6. Physical factors influencing conditions; temperatures, pres. 
sures, rates of flow, retention times, aeration, etc. 
7. Mechanical details of system; metals concerned; corrosion; 
performance tolerances. 
8. Equipment, time and supervision available for application, 
9. Possible effect on others; toxicity of treated water to man or 
animals. 
10. Is the cost of the treatment justified by the saving produced? 
Only when each of these factors has been intelligently evaluated 
- can the proper chemical be decided upon and its correct method of 
_ application outlined. The chemical and physical properties of 
~ each available chemical must be critically considered with respect to 
~ each of the above factors. Costs cannot be compared on a pound- 
_ for-pound basis; frequently the cheapest material to use is the most 
expensive per unit of weight—cost of treatment must be based on 
units of performance. 
The characteristics, both favorable and unfavorable, of the com- 
- mon toxic chemicals are discussed at some length below. These 
data should assist in the selection of the proper agent for any par- 
- ticular problem, provided proper attention is given to the factors 
outlined above. 


| of COPPER SULFATE 


This is one of the oldest and most widely used algicides. Its rather 
high degree of toxicity to the lower plants is due to the copper ion; 
copper chloride or nitrate are equally effective when equivalent 
amounts of copper are used. The toxicity of the copper ion is highest 
for the simplest algae, the Cyanophyceae, and lower for the more 
highly developed forms of the Chlorophyceae. Generally protozoa 
are less susceptible. The diatoms are readily killed; higher fungi 
as the Schizomycetes tend to be more resistant, although here too 
there is a wide variation. The higher plants, as the water weeds, in 
general cannot be controlled by copper treatment as the copper ion is 
only slightly toxic toward them. Bacteria are also essentially un- 
affected by the concentrations which can be attained practically. 
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Copper salts are rather toxic to fish and in some cases this may be a 
serious disadvantage. The limiting safe dose varies from 0.14 parts 
per million for trout to 2.00 parts per million for black bass (13). 
The dosage required to kill algae varies from 0.05 to 10 parts per 
million (4). The necessary concentration varies widely from one 
species of organism to another and an accurate knowledge of the 
particular one or ones present is essential if the treatment is to be 
successful. 

The question of the effect of copper treated waters on the health 
of man is still disputed. Milk, oysters and certain other foods con- 
tain as much or more copper than would the normal, properly treated 
water. Many large cities use copper sulfate regularly during the 
warmer part of the year and apparently have no problem of copper 
poisoning among their population. On the other hand, the cumu- 
lative effects of small amounts of copper administered steadily over a 
long period of time have not been studied. Copper is known to be a 
poison and to give rise to disagreeable physiological effects. But the 
probability of reaching dangerous concentrations in treatment of 
water supply reservoirs for algal control appears rather remote. 

Copper sulfate is one of the most convenient toxic agents. It is 
available in solid form, reasonably stable, and presents no particular 
hazard in transporting, storing, handling or use. It is readily soluble 
in water (30 per cent at 85°F.), and can easily be applied to still 
bodies of water, as lakes, reservoirs, etc., in solid form or in solution 
by simple means. It can be fed to flowing streams in either form 
by simple mechanical devices or by standard feed machinery com- 
mon to water treating plants. 

Copper salts cannot be advantageously used for slime control in 
alkaline water as free hydroxyl ion precipitates the copper ion as 
insoluble copper hydroxide. 


Cu + 20H = Cu(OH), 


In this way the active toxic is rapidly inactivated and removed from 
the field of action. In still bodies of water, it will deposit upon the 
bottom asa mud. Copper hydroxide is a gelatinous material. When 
copper salts are added to cooling water systems the hydroxide is 
frequently formed as a slime on heat transfer surfaces, and in such 
cases the treatment aggravates rather than improves conditions. 
Copper salts are extremely corrosive to iron and steel, both in 
concentrated and in dilute solutions. Hence, all equipment used in 
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continuous contact with copper-bearing waters. 
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- handling copper solutions must be non-metallic, rubber coated or of 


special composition. Iron and steel equipment may be damaged by 


MERCURY AND OTHER HEAVY METAL COMPOUNDS “gs 


3 Inorganic heavy metal compounds, such as mercuric chloride 
_ (corrosive sublimate) and salts of lead, arsenic, silver, ete., are prac. 
tically never used in practice. 


They are subject to the same limita- 
_ tions as the copper salts, are in general far less toxic to algae, and are 


_ so extremely toxic to man as practically to preclude the possibility 
_ of their being safely employed for these uses. 


They could not, of 
course, even be considered for the treatment of domestic water 
supplies. 

The organo-mercury compounds, e.g., phenyl mercuric nitrate, 
etc., are more effective as toxic agents and destroy or inhibit most 
microorganisms at fairly low concentrations. They are, however, 
toxic to man, unstable, relatively insoluble and very expensive. 

The future for mercury and other heavy-metal compounds does 
not appear to be at all promising. 
ao, 


OXIDIZING AGENTS 


Oxidizing agents, such as potassium permangamate, have been 
proposed for use in industrial cooling water systems. While exact 
data as to their effectiveness are not available, they have apparently 
been of some value. In general, they are expensive, somewhat 
eorrosive, rather hazardous and non-specific. 

CHLORINE 

The introduction of chlorine sterilization of drinking water supplies 
for the destruction of disease-carrying bacteria has been of incal- 
culable value in safeguarding the public health. Algae and slime 
are also controlled by this same treatment. 

Chlorine possesses several advantages as a toxic agent for the 
control of microorganisms. Its toxicity is remarkably high, being 
equailed by few other materials, and is fairly general for most bae- 
teria, algae and protozoa; the maintenance of 0.5 parts per million 
residual will kill most species. It acts quickly. Simple chemical 
tests may be used to insure that the correct dosage is obtained. 
There is no question of affecting the health of those who consume the 
treated water. It is stable in acid, alkaline and neutral water alike, 
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although its toxic efficiency is somewhat reduced by highly alkaline 
conditions. Used in correct dosage, it causes no corrosion of engi- __ 
neering materials, although in concentrated form it is destructive to _ 
most metals. Waters may be made alkaline for corrosion control 
without destroying it or changing its form. It is readily available 
in gaseous, liquid or solid form and at a reasonable price. The use 
of gaseous or liquid chlorine is accompanied by serious hazards, but 
methods of handling have been so well worked out and standardized 
that accidents are extremely rare. While equipment for the applica- 
tion of chlorine is quite universally available and well standardized, 
the cost is so high as to be prohibitive for many small applications 
where slime and algae difficulties are encountered. Since chlorine is | 
toxic to bacteria and algae alike, a dual purpose may be served in the 
treatment of water supplies. Tastes and odors, while sometimes 
intensified by small amounts of chlorine, are destroyed by overchlori- 
‘nation. Excessive dosages of chlorine are not likely to do damage to 
consumers of the water since the chemical quickly vaporizes from the 
surface of reservoirs or when water is drawn from the tap. Excessive 
concentrations also can be detected by odor and taste which would 
prevent the consumption of the water or delay it until the excess had 
evaporated. No troublesome deposits or by-products are produced 
as in the case of copper and other inorganic salts. The volatility of 
chlorine is a disadvantage in the treatment of cooling waters which 
are sprayed into the air, for under such conditions the chemical is 
largely lost and must be replaced continuously. 

The toxic effect of chlorine may be broken down into three 
parts (14): 

1. Oxidation of Organic and Mineral Materials. In this respect 
chlorine is non-selective, acting on dead and dormant oxidizable 
matter as well as upon the living organisms whose death is desired. 
Chlorine is an active oxidizing agent. The “chlorine demand” of a 
water is a measure of the amount of chlorine which must be added 
before a residue, available as an algicide or bactericide, can be main- 
tained. Generally, the higher the organic content of a water, the 
higher the chlorine demand. Sewage possesses a high chlorine 
demand, spring water generally a low one. In calculating treatment 
for any system the chlorine demand must first be determined experi- 
mentally and enough chlorine used to exceed this by the “residual 
chlorine” content desired. In some systems, for example, paper mill 
white waters, the demand is so high that chlorine treatment is 
of} to ehiove omit odd baw 
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i: chlorine is added to water nascent oxygen is set free according to the 
 feaction: 
a - Nascent oxygen is known to be a powerful germicide and algicide. 
It is non-selective and acts on all oxidizable matter present. 
«8. Germicidal Effect due to Formation of Toxic Substances. Recent 
developments indicate that chlorine combines chemically with 
certain constituents of the living organism to give toxic substances 
which prevent cell division and reproduction, and eventually cause 
death of the organism. These toxic substances are probably quite 
~complex but are of great importance in the action of the chemical, 
This part of the action of chlorine is selective. Chlorine is not used 
up in forming toxins for material already dead. If means could be 
found to suppress the first two parts of the action of chlorine and 
utilize only its toxinogenic powers, its efficiency would be greatly 
increased. This is accomplished to some extent by the chlorine- 
ammonia process. 
_ In the control of slime deposits in water tunnels and condensers 
_of large power plants, where the cooling water is drawn from a river 
or stream and discharged back to the source without recirculation, 
the huge volumes of water pumped render it economically impossible 
to add sufficient chlorine continuously to meet the chlorine demand 
and provide the necessary residual. In such cases intermittent 
treatment may be used. This process, which consist in adding sev- 
eral parts per million excess chlorine for about thirty minutes out of 
each twenty-four hours, no treatment being used the remainder of 
the time, has proven quite satisfactory in practice. The relatively 
heavy dosage over short periods kills and removes any growth which 
may be formed during the intervals when no treatment is used (7). 
The chlorine-ammonia process is also of value in such cases and may 
be used for either continuous or intermittent treatment (15, 7). The 
same methods may be used to reduce the cost of treatment in spray- 
type cooling systems, where residual chlorine is difficult to maintain 
because of loss on aeration. 
This method of treatment has developed rapidly in the last few 
years. It retains most of the advantages of chlorine sterilization 
and at the same time avoids some of the disadvantages. = 
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Chloramination (the chlorine-ammonia process) consists essentially 
in feeding both chlorine and ammonia to the water being treated 
in the correct proportions to form chloramines. The chemistry of 
the process is summarized as follows (16, 17): 

When chlorine dissolves in water, hypochlorous acid is formed: — 
Cl, + H,O = HCl + HOCI 


The hypochlorous acid reacts with ammonia to form monochloramine 
if the pH is above 8.5: 


+ NH; = NH.Cl + H:O 

If the pH of the water is less than 8.5, part of the monochloramine 
will react with more hypochlorous acid to give dichloramine: - 
ai 

NH.Cl + HOC! = NHCI, + 

At pH 4.5, dichloramine is formed exclusively. At pH values be- 

tween 4.5 and 8.5, a gradually shifting equilibrium exists between 

mono- and di-chloramine. At pH values below 4.4, dichloramine 

reacts further with hypochlorous acid to form trichloramine (nitro- 

gen trichloride): 


ib NHC + HOCl=NCh+HO © 


at 

All of the chloramines are unstable compounds in concentrated 
form. In the dilute solutions employed in water treatment (0.0001 
per cent) they are very reactive and quite toxic to microorganisms 
per se. They tend to give up their chlorine very slowly. They are 
not powerful oxidizing agents like chlorine; hence, they do not act 
on dead or dormant organic matter present. Nearly all of their toxic 
power is available for the purpose intended. Hence they are, in 
many cases, more efficient than chlorine alone; one part per million 
of chloramine may often be as effective as several hundred parts per 
million of chlorine. 

Chlorination of water supplies containing small quantities of 
phenolic compounds gives use to objectionable tastes and odors in 
the treated water. Treatment of such waters with chloramine kills 
algae and bacteria while minimizing taste and odor development (18). 

In most cases, chloramines are slower acting than chlorine, requir- 
ing thirty minutes to two hours for complete killing (19). The toxic 
action is spread over a longer period of time, and in the end chlora- 
mine is usually more efficient. 


7 Ak CONTROAT 
yoL. 30, NO. 3 ALGAE AND SLIM 449 
len 
he 
nt 
th = 
08 
Se 
te 
il 
ad 
ly 
e- 
rs 
le 
d 
it 
of 
y 
h 
y 
4 
lo 


H. K. NASON 


Because of the smaller quantities required and extention of toxic 
effect to distant parts of the system, chloramination is often mop 
economical than treatment with chlorme alone. Usually the am. 
monia is fed in and mixed with the water before the chlorine is added 
The amount of ammonia fed should not be in excess of the quantity 
needed to provide the correct ammonia-chlorine ratio at the pH of 
the water to be treated. Excess ammonia detracts from the eff. 
ciency; excess chlorine is more desirable if any excess is necessary, 

Chloramine treatment may be controlled by simple chemical tests 
which are closely related to the tests for free chlorine (20). 


COMBINATION TREATMENTS 


It occasionally happens that algae will be encountered which are 
- naturally resistant to copper, or which develop such resistance after 
short periods of treatment. In such cases a change to chlorine or 
chloramine treatment may give good kills. Similarly, chlorine 
resistant forms may be encountered which can be killed by changing 
to copper. Sometimes the algae may be resistant to both copper 
and chlorine. It has been found that such organisms may be effee- 
tively destroyed by the use of small amounts of copper in conjune- 
tion with chlorine or chloramine (21, 22, 23, 24, 25). The réle of 
copper is apparently that of a catalyst which enhances the toxic 
effect of the chlorine. Copper may be combined with chloramine to 
give cuprichloramine which is especially toxic to eer (26). 
¢ cod f 
SYNTHETIC ORGANIC TOXICS wa 
_ Organic chemicals have long been used for bacterial control, 
particularly in medicine. The successful germicides and antiseptics 
have mostly been chemical relatives of phenol. These compounds 
fail as algicides because they do not possess a sufficiently high degree 
: toxicity to the organisms involved, are expensive, difficult to 
handle or possess other undesirable properties. Many cause tastes 
and odors. For industrial purposes, synthetic organic algicides 
q should be much desired if an effective material could be obtained ata 
reasonable price. 

In an attempt to find such a compound, a large number of synthetic 
organic chemicals have been tested against various representative 
algae and protozoa. The classes investigated included phenols, 
halogenated phenols, alkylated and arylated phenols, nitrogen bases, 
amines, amides, sulfur compounds, nitrated phenols and carboxylic 
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acids. Wide variations in toxicity were found to exist between these 
groups and between various members of a single group. 

A new organic chemical, sodium pentachlorophenate, has been 
found particularly toxic to algae and slime forming organisms, and 
has been proven quite effective by practical trials in industrial cooling 
water systems. This material possesses, in addition to a high degree 
of toxicity to algae, fungi, bacteria and protozoa, physical and chem- 
ical properties which render it especially suitable for the treatment 
of circulating waters. Being the sodium salt of a chlorinated phenol, 
it is stable in alkaline waters and can be used under conditions of high 
pH that would render copper salts useless and reduce the effective- 
ness of chlorine. Since alkaline conditions can be maintained, 
corrosion problems may be minimized or eliminated. The chemical 
is stable on aeration and is not volatilized in spray systems as is 
chlorine. It is easily handled and can be applied without expensive 
equipment. It is effective against many organisms which are known 
to be resistant to copper and to chlorine. Its high degree of effec- 
tiveness, combined with availability at low cost render it particularly 
attractive for industrial use, It cannot, however, be recommended 
for treatment of domestic water supplies or for swimming pools. 

It is hoped that future developments in synthetie organics may 
provide other algicides which can be used in the treatment of domes- 
tic water supplies. 

The elimination of slime and algae is economically possible with 
chemicals now available. Considerable expert knowledge is neces- 
sary for the complete study and solution of each individual case, but 
when properly applied very good results can be obtained. This 
knowledge exists and is available to anyone interested in water- 
treating problems who will devote to it the time necessary for its 


acquisition. 
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ee §OME RECENT DEVELOPMENTS 
IN WATER WORKS PRACTICE 


i Hanoy E. Basprrr 
_ Nothing in water works practice seems too sacrosanct for the water 
works iconoclast to attack. The trend is to develop something new, 
something different, and, it is hoped, something better in every 
department. The situation may be attributed, in part, to the 
“depression”? which created the necessities to mother today’s inven- 
tions. Some of today’s inventions may become tomorrow’s stand- 
ards. For example: changes in rates of water consumption are 
indicated by increasing demands for air conditioning; methods for 
the prevention of the silting of reservoirs and the construction of 
earth and rock-fill dams are receiving special attention; in securing 
ground water the trend is towards the gravel-packed well equipped 
with a centrifugal pump; methods are being developed in arid regions 
for securing water from the air; much attention is being given to the 
diesel engine‘in the pumping of water; problems in the hydraulics of 
flow in intricate network distribution systems can now be solved with 
precision; in the study of corrosion more attention is being paid to its 
prevention than to its cause; in rapid sand filtration new coagulants, 
new and coarser filtermg materials, and increasingly high rates of 
filtration are being used; municipal water softening plants, iron 
removal plants, and manganese removal plants are attracting in- 
creased attention, the processes sometimes being combined in one 
plant; interesting ‘‘gadgets” are being produced in the laboratory; 
and, “Standard Methods” is being subjected to close scrutiny, 
particularly in such determinations as hardness, residual chlorine, 
and dissolved oxygen. The results of the “depression” are especially 
evident in the increased interest in public affairs, financial policies, 
and in economic security for the water works employee. All is 
activity. There is no stagnation. 


A paper read at the meeting of the Wisconsin Section (Sheboygan, Wiscon- 
sin, November, 1937) by Harold E. Babbitt, Professor of Sanitary Engineering, 
University of Ulinois, Urbana, Illinois. 
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CONSUMPTION FOR AIR CONDITIONING 


Air conditioning in relation to water consumption is presenting q 
problem to the water works official involving ever increasing diff. 
culties for its solution. For example, it is predicted by Gayton (1) 
that the demand for water in the city of Chicago may soon exceed 
three thousand million gallons per day. Lewis (2) has divided 
water works into two groups with respect to the problem of air condj- 
tioning. The first group is one to which the air conditioning business 
offers an outlet for the sale of more water, and the second group 
— includes those to whom any increased demand will present a serious 
_ problem. According to Bowles (3) this great new business is typical 
_ of the industries which often help to improve the public welfare even 
- under adverse circumstances and which open up new opportunities 
_ for enterprise. Holleran (4) states that from 1933 to 1937 the num- 
ber of air conditioning installations in the United States increased 
nearly 1,400 per cent. Surveys made by air conditioning manu- 
 facturers indicate that about 40 per cent of all air conditioning 
_ installations depend upon local public water supplies for their cooling, 
4 Ritter (5) and Klaphake (6) have described methods of obtaining 

water from the air. Although these are not of special significance 
_ in humid regions they are attracting some attention in arid regions 
abroad. The French process utilizes the difference in temperature 
of the air to precipitate the atmospheric moisture on roughened 
walls. Cold night air is led into the center of a mass of angular 
_ fragments of concrete, or similar material, cooling the whole mass. 
| re During the day warm air filters in from the outside and moisture is 
- eondensed. The British process utilizes the hygroscopic properties 
of wood. Wood chips are exposed to damp night air and absorb 
moisture. They are then placed in pipes leading to a cooler chamber 
- inthe shade. A circulation is set up. The sun draws the water out 
of the wood and it passes into the cooler chambers where it is con- 
e _densed. In the German process air is passed over various absorbent 
substances, such as caustic alkali, in a series of vessels. The German 
process is useful in dry regions but it is not as generally applicable 
as the other processes. 
Von Lude (7) reports a development in the supply of water to air- 
planes by the condensation of atmospheric water vapor on an adsorb- 
_ ent, such as silica gel, and thermal regeneration bad adsorbent 
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whereby the concentrated water vapor is produced and condensed. 
Air, moist gases and, in particular, exhaust gases from the engines 
may serve as sources of water vapor and their heat content may be 
utilized in regenerating the adsorbent. 


af FLUORIDES IN NATURAL WATERS 


. and more attention is being paid to the presence of fluorides 
in natural water supplies. Surveys of fluorides in waters in Middle 
Western states have been reported in Illinois (8), Iowa (9), Ohio 
(10) and Wisconsin, and in some of the Western states, such as 
Kansas (11). In none of these states is the mottled enamel resulting 
from the presence of fluorides considered severe, but the fact that it 
exists at all has heretofore not been widely realized. Weart and 
Klassen (8) suggest that the solution of the problem offers a challenge 
to the water works profession. To answer this challenge it has been 
reported that fluorides are most easily removed in the lime soda 
process of water softening, particularly when the water is high in 
magnesium (10). The process is reported to be economical when the 
fluorides do not exceed 3.5 p.p.m. 


WELL CONSTRUCTION AND WELL PUMPING 


For many years there has been an accelerating trend towards the 
gravel-packed well, and turbine pumps directly connected to electric 
motors. Methods of developing wells have improved and ingenious 
methods therefor have been devised. One new method is the use of 
dry ice (12) which, when dropped into the well, sinks to the bottom 
and at the same time releases CO: as a gas under great pressure and 
in large volume. The development of the gas is sufficiently slow 
and continuous to permit the water to be alternately discharged 
from the top of the well with explosive violence and to run into the 
well through the screen to provide another compression chamber for 
the confinement of more gas under pressure. A result may be a 


successful surging of the well. “ : 
PIPES AND DISTRIBUTION SYSTEMS be 


A signal advance in the study of the hydraulics of distribution 
systems has been made by Cross (13) who has presented a mathe- 
matical analysis of the problem. The application of the method to 
some problems in water works practice was explained by Doland (14) 
in such a manner that it is evident that any problem in the most 


complicated network of pipes can now be solved with any desired 
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degree of precision. Aldrich (15) has contributed a graphical method 
for the solution of such problems which is an improvement over the 
original graphical method introduced by Freeman in 1892 (16). The 
Cross method for the hydraulic analysis of distribution systems 
promises to supersede all others. 

The principal change in water works pipe and distribution system 
construction has been in the more or less general abandonment of the 
old standards of the A. W. W. A. for cast iron pipe and the use of 
lighter weight, centrifugally-cast iron pipe, which possesses greater 
strength. Cast iron pipes two inches in diameter are now available, 
and larger diameters are available in the old 12-foot standard length, 
16-foot, and 18-foot lengths. The use of longer lengths of pipe reduces 
the number of joints; an advantage in both construction and main- 
tenance. 

Concrete pressure pipe has improved in quality along with the 
better knowledge of concrete manufacture in general. It is being 
made by the centrifugal process for low and moderate heads, and 
pipe with a welded steel cylinder cast in the body of the concrete 
barrel is used for high heads. Probably one of the most recent 
developments in pipe for water works is Transite pipe. In its 
report of tests on Transite pipe, the National Board of Fire Under- 
writers (17) has concluded that the pipe is, in general, satisfactory 
for many conditions. 


CORROSION CONTROL olf 

Studies of the causes and prevention of citdbens ee nothing new 
in water works practice but the accumulating amount of data is 
attracting greater attention to the problem, with some promise of its 
solution. Most of the studies of corrosion have been directed to- 
wards its elimination rather than in an attempt to explain the cause. 
Various types of coatings are in use (18, 19, 20, 21), including pitch 
troughing, bitumen asbestos sheathing, bitumen felt tar coating, 
bitumen hessian coating, thin adhesive bandage consisting mainly 
of hydrocarbon materials, bituminous paint, insulation type vulean- 
ized rubber, chlorinated rubber, galvanizing, cotton fabric filled with 
grease, cement troughing with a bituminous paint applied over red 
lead, etc. These are all reported to give satisfaction. 

The treatment of water to prevent corrosion has also received 
much attention, particularly to restore “balance” after softening, 
either through decarbonation or recarbonation. Lloyd (21) recom- 
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mends a process by which a deposit of calcium carbonate is made 
upon the surface of the pipe before it is put into service or, with 
some difficulty, the method may be applied to pipes containing 
fowing water. Where it is difficult to control corrosion through 
other means, particularly in institutional and household pipes, 
Glace (22) recommends the use of a limestone contact bed. He 
brings out the point that any attempt to devise methods for the 
prevention of corrosion must necessarily be a slow process with 
average waters. Hence, the effect of corrective measures cannot be 
observed without lapse of considerable time and the making of 
many observations. 


Attention is being directed more and more to the laboratory control 
of water purification. None but the smallest plants can be con- 
sidered complete without an adequate laboratory, manned by compe- 
tent personnel, and equipped for the conduct of some research 
pertinent to the problems locally encountered. The production of a 
satisfactory water supply has become so technical a matter that the 
necessity for a competent, trained analyst is widely recognized. Asa 
result the production of laboratory gadgets and short cuts and 
improvements in procedure is rich, with some of the developments 
marking distinct trends and providing the water works field with 
new tools. When a new process or tool is introduced it is difficult 
to recognize its true value before experience has tried it. 

Spectrum analysis (23) for the purpose of tracing the source of 
water and discovering the point of entrance of impurities promises 
much for the future, as mere traces of elements can be detected and 
the change in the quality of a river water can be traced almost 
mathematically along the course of the stream. Not only is the 
method delicate and precise, but it is also more rapid than the normal 
chemical processes of analysis. The application of the photo- 
electric cell to water analysis has been suggested. In this process 
precipitants are added to samples of water and turbidity measure- 
ments are made with a photoelectric meter. Dilutions required for 
constant results are determined by experiment in each case and the 
photometer is calibrated for various determinations by chemical 
analysis. For example, the amount of chlorine present in a sample 
might be measured by the intensity of the precipitate formed with 
silver nitrate; or carbonates and bicarbonates be measured by the 
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a - magnesium by titration with palmitate, the presence of precipitated 
_ ealeium oxalate will interfere. This difficulty can be overcome by 


e _ be prepared under a specific and recommended formula, to be used 
under standard conditions. 
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intensity of the precipitate formed through the addition of aluminyn 
sulphate. 

The colorimetric determination of dissolved oxygen (24), using anj- 
dol as a reagent, has received some attention. The principles under. 
lying this simple test are the production of colored substances by 
the reaction between the dissolved oxygen and the amidol reagent, 

DETERMINATION OF HARDNESS 

No one of the three standard methods for the determination of 
hardness in water is quite satisfactory. The soap method is not 
accurate; the soda-reagent method is slow; and the complete deter- 
mination of calcium and magnesium is difficult and time consuming, 
No improvement in one of these methods has been devised but the 
_ potassium palmitate test for hardness, as described by Suter (25) 
_ bids fair to replace the present soap method for all but exceptional 
- conditions. Barber (26) points out that in the determination of 


filtering out the oxalate before titration. 
tat 

DETERMINATION OF FREE CHLORINE 

New methods for the determination of free chlorine have been 
_- proposed to overcome the recognized difficulties inherent in the 
_ ortho-tolodine test. Most of these have been proposed by European 
laboratory workers. These include Ivekovic’s (27) method (the 
back titration of excessive active chlorine in bicarbonate solution, 
without the addition of potassium iodide) and Yakovlet’s (28) 
a: method (the use of a combination reagent composed of a starch 
_ solution containing sodium chloride, potassium hydroxide, acetic 
- acid, and sodium thiosulphate). This reagent, if made up under 
standard conditions, can be stored indefinitely and used with success 
after prolonged storage, in the determination of bromine, iodine, 
andechlorine. Korenman (29) suggests the determination of chlorine 
in water by the decoloration of methyl red, a combination reagent to 
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: LIC AFFAIRS AND PUBLIC RELATIONS 


Water works management involves human relations and economic 
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prise as are the technological processes. The water works superin- 
tendent is an important citizen of his community. In municipally- 
owned plants he is the head of one of the major city departments and, 
whether he wants to or not, the superintendent is called upon to 
participate in civic affairs (30). From the simple request that he 
address a meeting of a local service club he soon enlarges his field 
and finds that he is making talks before larger groups pertinent to 
some department activity or to win support for some needed improve- 
ment. He may be led thus gently and step by step to minor or major 
work in the field of politics... the graveyard for many water works 
men. 

In his relations with his customers the water works superintendent 
is on more secure ground, but, nevertheless, a ground which requires 
careful cultivation and manipulation. His contact in this field is 
closest through the meter, a device which may “break’’ the business 
if not properly handled. More and more attention is being paid to 
the accuracy, methods of reading, and the maintenance of meters. 
As stated by Gallagher (31) of Louisville, “the cost of a program of 
adequate meter maintenance is small compared with the additional 
revenue gained as well as the additional life given to the meters.” 
It is insufficient to neglect the meter reading even though the meter 
may be adequately maintained. Meter reading in the more progres- | 
sive water works is now being done by competent, well-trained —_ 4 

FINANCIAL POLICIES AND ACCOUNTING 

Leisen (32) intimates that good management is reflected in the 
methods used for financing new work, the maintenance of equitable 
rates, and adequate depreciation reserves. The policies to be con- 
sidered relate to adequacy of rate structure to cover essentials of 
financing outlays, comparisons of types of rate schedules, methods 
of raising new monies for extensions, the use of serial bond issues 
with call provisions to permit sinking fund purchases, and deprecia- 
tion investments in plant betterments. 

Owing to the partial moratorium in construction and development 
work since the early stages of the depression, there exists the pos- 
sibility that many needed improvements and extensions will soon be 
projected. In order to finance the new work it may be necessary to 
revise rate schedules. Further, the increasing cost of materials and 
labor may also necessitate higher rates. 
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With the exception of P.W.A. projects or those prosecuted with 
labor furnished by P.W.A. there has been comparatively little wate 
works development in recent years. In consequence, it is reasonable 
to assume that those plants that have not kept up with or ahead of 
the present requirements may find it necessary to inaugurate major 
construction programs. Special financing may be required to meg 
the contemplated obligations. Also where a new water works is 
projected or where a municipality purchases an existing water works 
from a privately-owned company, a similar condition will prevail. 

The tendency to provide only for payment of interest on outstand- 
ing bonds with the expectation of refunding at maturity has been too 
prevalent in the past. This practice should be discouraged. In- 
stead a sinking fund plan should be set up immediately upon issuing 
bonds to provide for their retirement at maturity. 

In the maintenance of office records Swartz (33) emphasizes that 
only those which are of real value should be kept. It is undeniable 
that the establishment of a system of records involves a substantial 
cash outlay. However, without these records, it is frequently diff- 
cult to determine how and where possible economies, far offsetting 
the cost of the records, can be effected. L. A. Smith (34) has pointed 
out that machine work minimizes the cost and errors in office pro- 
cedure, and that machines are available to aid in the keeping of 
many forms of records. IN 


WATER RESOURCES COMMITTEE 


If the report of the Water Resources Committee of the National 
Resources Committee is any measure of the future activity in water 
_ works enterprises the outlook for the future is encouraging. This 
_ report, which was issued in 1937, lists some 2,000 projects in the 
_ watersheds investigated, involving an expenditure of $540,000,000. 
_ This report represents the first comprehensive survey that has been 
made of the drainage basins of the United States and the results 
may be considered both valuable and significant. In the foreword 
of the report it is stated that the investigation was undertaken witha 
_ view: “to determine the principal water problems in the various 
_ drainage areas of the country, (2) to outline an integrated pattern of 
water development and control destined to solve these problems, and 
_ (3) to present specific construction projects and investigation projects 
of the integrated pattern or plan, with priorities of importance of 
time.” 
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_ form of regulation of water purification plant operators and super- % 
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SOCIAL AND ECONOMIC SECURITY 


As all enterprises are affected by provisions of the Social Security 
Act, so too are water works enterprises affected. The effect is, how- 
ever, negative since water works employees are specifically exempted 
from its terms. It seems evident, therefore, to Maffitt (35) that 
some plan should be devised for the retirement of water works 
employees on a pension that will be adequate. 

Another act of government which has focused attention on water 
works employees and may affect future policies is the decision of the 
Supreme Court of the United States specifically exempting water 
works employees from the obligations of the Federal income tax. 
The full wg eanenaal of this decision has not yet | been felt by w ater 


i 4 


LICENSING a 
Licensing of water works employees is attracting increasing atten- 
tion. The Board of Direction of the A. W. W. A. passed the following 
resolution at its meeting in January, 1937: 


naa portance of efficient operation of water purification plants as a pro- 


-yisors as a means of preventing the employment of incompetent 
personnel. Sections of the A. W. W. A. are hereby encouraged to _ 
engage in voluntary licensing. 


This action of the Board has been preceded and followed by licensing 
in some form in nine states: Colorado, Georgia, Michigan, New 
Jersey, New York, Ohio, South Carolina, Texas, and West Virginia. 


EDUCATION 


Interest in the education of personnel is widely manifest through 
the many short schools being conducted either by state health 
departments, local water works associations, or sections of the 
A.W. W. A. Further interest is manifest through activities of the 
A. W. W. A., as indicated by the report on this subject by the General 
Policy Committee to the Board of Direction at Buffalo. The report 
indicates that the Association is sympathetic with the idea that 
there should be some connection between trained personnel and 
employment in the water works field and points out that at the 


present time the most effective method of securing this desired end is 
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through publicity. 


The Board of Direction of the A. W. W. A., realizing that the im- u 
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CONTROL OF Ww ATER PIPING | a 


ait F. M. Dawson A. A. KALINSKE 
5: 


Every water utility is obligated to provide to its consumers a pure, 
wholesome supply of water at desired rates of flow and in sufficient 
quantities for proper sanitation whenever and however the customer 
wishes to use the water. The main objective is to supply pure water 
at adequate pressure to the faucet or point of ultimate use. When 
the water pressure is too low, whether because of improper pumping 
capacity at the central station, undersizing of the street mains, or 
incorrect pipe layout and design in a building, the result is identical. 
Experience shows that poor operation of the sanitary facilities of a 
consumer’s plumbing fixtures may be due either to poor engineering 
and maintenance by the water utility, or to poor plumbing design 
and maintenance in the building. The effect on the customer’s 
health is the same whether the water supply becomes polluted at its 
source, is improperly purified at the water plant, or becomes unsafe 
due to entrance of pollution into the pipes in his own building. In 
other words, in order to provide adequate and pure water to a con- 
sumer, it is necessary that the entire water-supply system from the 
source to the faucet be of proper design and under integrated control. 

In the past the design and installation of water-supply piping in 
buildings has received entirely inadequate regulation. Even today 
there are hundreds of localities where there is absolutely no control 
over the installation of water piping. There is a lack of common 
sense in any scheme which permits the expenditure of millions of 
dollars in purifying a water supply without regard to the main pur- 
pose, namely, that the water will reach the consumer in a pure and 
wholesome condition. “A steel chain with a lead link” aptly de- 
scribes many of the water supply and distribution systems of our 


A paper presented before the Missouri Valley Section meeting at Omaha, 
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towns and cities. Frequently the “lead link” is the water piping 
in the individual building. 

Fortunately some states and cities have recognized this problem 
and have adequate regulations, but in general the weak link is fre- 
quently on the customer’s own premises. 

It is the purpose of this paper to discuss certain aspects of the 
problem of control of water piping and to point out what proper 
control involves, its nature and extent. 


IMPORTANCE OF PROPER CONTROL OF ALL WATER PIPING 


There is no need to go into any extensive discussion as to why the 
installation of water-piping and connections thereto is important to 
the purity and proper flow of the water. The terms “‘cross-connec- 
tions” and “back-siphonage” have in recent years received well- 
deserved discussion and analysis. These terms should convey a 
definite picture to the minds of all concerned with the providing 
and maintaining of a safe water supply. It should be a picture of 
the entire water-supply distribution piping with all the multitudinous 
connections and openings. It should also be a picture of the water 
flowing in the opposite direction with various improperly connected 
or incorrectly placed openings insidiously gobbling up infected water 
or liquids and discharging them back in the water-supply lines. 
That the water can flow both ways in any piping system should 
always be kept in mind. 

Drops in pressure, backflow of water, and resultant pollution are 
to a large extent caused by improper design of the piping system. 
Probably 90 per cent of all vacuum formations, and therefore 90 
per cent of the potential hazards of back-siphonage, could be elimi- 
nated if the water piping systems were sized and correctly installed. 
In other words, proper workmanship, regulations, inspection, and 
tests of water piping systems could eliminate a vast majority of the 
health hazards due to vacuum formation and back-siphonage. 

Faulty piping installations and connections in a building may not 
only cause pollution of the water supply in that particular building, 
but the pollution may also get back into the street main. Therefore, 
if there was no other justifiable reason for a water department being 
interested in the water-piping installation of a building, the single 
fact that pollution, entering into the pipes of a building, can get 
back into the street main is most certainly sufficient reason. It is 


not necessary for the street main pressure to be shut off and the main 
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drained to allow pollution to enter into it. If water is used from 
the street main at such a rate that the pressure in the main drops 
below a head equal to the elevation of the water pipes in an adjacent 
building having submerged inlets, pollution from such inlets could 
travel back into the street main to the point where water is being 
used. These submerged inlet fixtures containing polluted water 
act as auxiliary supplies feeding into the street main when the pres- 
sure in the main drops below a head equivalent to the height of these 
fixtures above the main. 

Few people realize that submerged inlet fixtures may act as an 
auxiliary supply to the city water when the piping is such that a 
sufficient city water pressure cannot be maintained. 


EXISTING PLUMBING CODE REGULATIONS FOR WATER PIPING 


No one can honestly deny that the proper design and installation 
of water-piping is a most important health problem. Yet there are 
numerous codes throughout the country which have practically no 
regulations whatever relating to the design of water-piping. Worse 
still, some codes do not even include water-piping in the definition 
of plumbing. 

There are some codes which make a distinction between water- 
piping going to sanitary fixtures and that connected to non-sanitary 
appliances. The factual basis used to justify such a distinction is 
hard to determine. Water piping connected to the public water 
supply, no matter what fixtures or appliances it serves, is still part 
of the same system and should be subject to the same regulations. 

The use of pipes, fittings, valves, and fixtures, which introduce 
excessive friction loss in a water-piping system, is as undesirable from 
a health standpoint as an untrapped plumbing fixture. Of course, 
the proper design of drains and vents is a most important health 
factor; but of what use is a first class plumbing drainage system in a 
home, if a faucet supplies only a trickle of water, and the housewife 
periodically draws water at the kitchen sink from the upstairs closet 
tank. Plumbing codes might very well contain regulations relating 
to the maximum allowable values for loss of pressure due to friction 
in fittings, valves, and fixtures. Also, such codes should provide 
for the testing of a water supply piping system in a building in order 
to determine, if with ordinary simultaneous use of certain fixtures, 
a sufficient pressure is maintained on the upper floors. If partial 

vacuums occur on the upper floors with ordinary simultaneous use 
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e BS from a health stand point, to say nothing of convenience. 


aes x tant. Most plumbing codes at present have a regulation regarding a 
type, weight, and size of service line. However, there are many 


e small, one-story houses. The reason for this is easy to see if a little 
- eonsideration is given to the relative friction loss in these two sizes 
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‘The ideal method of controlling the purity of the water supply is — 


In an upfeed piping system directly connected to a street main, 


codes which permit a §-inch service line. In our opinion, and many 
- water department officials agree, no pipe smaller in size than 3-inch 
- should ever be permitted as a service line except perhaps for very 


of pipe. The absolute minimum simultaneous rate of flow which _ 
should be provided to a single family house is 15 gallons per minute. — 
With this rate of flow the loss in pressure in a 3-inch lead or copper — 
service 100 feet in length is 70 pounds per square inch. Inthe same — 
type of 3-inch pipe the loss is only 30 pounds per square inch. Thus — 
an increase in nominal size of pipe by } inch cuts down the loss due | 
to friction for the same flow by 70/30, or 24 times. 

Use of a 3-inch service line is a most excellent means of enormously 
increasing the hazards and inconvenience of vacuum formation on 
the upper floors of a building. It is dangerous economy. 


WHO SHALL HAVE CONTROL? 


to have one authority in control of the water from the source to the 
consumer’s tap. However, in most instances, the control of the 
water department ceases either at the curb line or at the meter, and _ 
the water piping from there throughout the building, if it is con- | 
trolled at all, is under the jurisdiction of the department of health, — 
or building inspection department. Since it is an established fact 
that proper design and installation of water piping is an important 
health measure, it is suggested that the logical authority that should 
have control is the department of health. There are a few localities 
where regulations and inspection relating to water piping is under 
the jurisdiction of the water department. Thus one authority has 
entire control of the water supply, which is excellent. Of course, 
whether the water department has direct control or not, codépera- 
tion with the department of health is essential. 

Water-supply officials should formulate administrative programs 
in coéperation with the health departments. The water department 
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must be satisfied that the buildings to which it furnishes water wil] 
not pollute the supply in the pipes. It is its official duty directly, 
or indirectly, to see to it that the commodity it furnishes will reach 
the consumer uncontaminated. 

Installation of special water using equipment, such as air-condi- 
tioning apparatus, is of special concern to the water department 
both because of the water consumption and the cross-connection 
hazards that may be introduced. Many of the more alert water 
departments are requiring special permits for the installation of water- 
using air-conditioning equipment. 

Everything considered, there can be no question that the water 
department must be vitally interested in proper regulation of the 
water-piping from the main to the consumer’s tap. Codéperation 
with the department of health, and unity of action is most essential 
if the water is to reach the consumer in as pure and safe a condition 
as it left the purification plant. 


Various groups throughout the country have been demanding that 
a differentiation be made between water-piping that connects to 
sanitary plumbing fixtures, and that which supplies water to equip- 
ment such as hot water and steam boilers, air-conditioning apparatus, 
and various industrial processing tanks and vats. This, we believe, 
is poor practice. One reason given for such a division is that in 
years past such piping was in most instances always installed by men 
other than those licensed by, or under the jurisdiction of, the health 
department. 

If such water-supply piping to non-sanitary appliances was not 
subject to regulation and inspection by water departments and 
boards of health, it was usually due to lack of knowledge in regard 
to the hazards of such a procedure. There can be no reason for con- 
tinuing to allow any water-piping connected to the public water 
supply to be unregulated and not inspected. 

As far as pollutional hazards to the public water supply are con- 
cerned, fixtures and various appliances not considered as being part 
of the sanitary plumbing system, present just as many water pollu- 
tion possibilities as plumbing fixtures. Various tanks and vats in 
meat packing plants, breweries, gold reclaiming establishments, 
chemical plants and countless others; also connections to air-condi- 
tioning and refrigeration apparatus, primers on pumps, cooling 
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jackets on gas compressors, lawn sprinklers, etc. ‘present manifold 
water pollution hazards. It is imperative that water piping to such 
equipment be regulated, inspected and tested by authorities con- 
cerned with preventing our public water-supply from becoming in- 


fected or poisoned. 
t bluods anient 
WHAT PROPER CONTROL INVOLVES 


_ There are three features in a program for the control of the water- 
piping in buildings: (1) regulation, (2) inspection, and (3) testing. 
Regulations outlining proper installation methods and materials 
should be supplemented by regulations specifying who shall install 
such piping and what training such persons must possess. Some 
seem to think that if regulations are made any one should be per- 

- mitted to install the piping because the inspection department can 
see to it that the regulations are carried out. This might work out, 
if it were possible to have an inspector present constantly on every 
job. Since “policing” every job from beginning to end is both im- 
practical and impossible,—‘‘self-policing” is necessary. Such “self- 
policing” can be effective if the men who have that responsibility 
are subject to regulation of the health department and possess the 
necessary experience and training. 

The third feature of proper control, namely, authority to test the 
water-piping, is necessary to determine if the regulatory measures 
have been properly carried out. In most instances, simple observa- 
tional inspection is not sufficient. It is just as important to test a 
water-supply piping system and ascertain if proper pressures and 
rates of flow can be maintained on the various floors, as it is to test 
a drainage system for possible sewer gas leaks. 

Many years of research, testing, field inspection, and analysis have 
indicated that the only possible practical and scientifically correct 
method of back-siphonage prevention is protection of each individual 
fixture or unit. This means that every unsafe fixture or appliance, 
presenting water pollution hazards, must be corrected or protected 
at that particular fixture. The correction or protection may involve 
various methods, such as: (1) a complete break between the water 
piping and the fixture or appliance; (2) a proper vacuum-breaker 
installed between the control valve and the maximum possible water 
level of a fixture; or (3) use of a surge tank and pump with the pure 
water discharging into the tank above the top. Methods (1) and x 

(2) can tures, tanks, and numerous) : 
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other connections. Method (38) is to be used when water is supplied 
to some system requiring large quantities of water constantly, and 
under pressure, such as steam heating boilers and air-conditioning 
units. Each fixture or unit system must have its individual protec- 
tion. An auxiliary water-supply system supplied from the city 
mains should not be permitted to be piped throughout a building to 
all the unsafe tank fixtures and appliances. Sanitary fixtures which 
require a pure supply might easily be connected to such an auxiliary 
system. These connections would be almost impossible to. prevent 
or detect, unless a policeman was stationed in every building where 
such a dual supply existed. 

In brief, it can be stated that if a public water-supply is piped into 
a building, all the piping leading to every individual fixture or unit 
should be regulated and inspected by the proper authorities. At 
each fixture or unit where the connection is such as to permit the 
return of the water from that fixture or unit into the supply pipes, 
proper protection must be incorporated. 

The principles mentioned above have been most adequately ex- 
pressed in the recent amendments to the Wisconsin State Plumbing 
Code. In substance the amendments state that all piping for 
supplying water to any system such as steam power, heating, tem- 
perature regulation, fire protection, hydraulic power, or for any 
special water usage for industrial or manufacturing purposes, shall 
be installed by the licensed plumber up to the appliance forming the 
unit or initial point of such fixture or system, and shall terminate 
with a valve, and if necessary some form of back-flow or back- 
siphonage protection, located at the unit or appliance to be connected. 
The connection from the valve, or beyond the protective device, 
may be made by the installer of the system or non-sanitary appliance. 

A regulation such as this represents an efficient and practical 
method of control of the water supply from the main to the con- 
sumer. Iti is a milestone in the progress of water-supply sanitation. 


_ It has been pointed out that: 

_ (1) The water-supply piping in buildings is frequently the weakest 
link in the public water-supply distribution system chain. Its regu- 
lation in the past and in many instances even today is inadequate 
and improper. 

_ (2) Not only will improper piping and connections permit the 
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pollution of the water supply in any building, but there is grave 
danger of such pollution entering the street main. 
(3) Improper sizing and installing of water pipes cause over 90 | 
per cent of all actual vacuum-formations in the piping of buildings, | 
and therefore 90 per cent of all the back-siphonage and possible 
water pollution hazards. 

(4) Proper design and installation of water-piping in buildings is 
one of the most important health factors involved in the design and 
installation of the entire plumbing system. 

(5) It is dangerous economy to permit the installation of service 
lines of any size below ?-inch from the street to the building. 

(6) Water departments should be vitally concerned with the cor- 
rect installation of all piping and connections conveying the water 
they furnish. Whether they have direct control or not, active co- 
operation with the health departments is essential. 

(7) As far as protection of the purity of the public water supply is 
concerned, there is no difference between water-supply piping con- 
nected to plumbing fixtures and that supplying water for various 
non-sanitary uses. All such piping should be under the regulation 
and inspection of a single authority. 

(8) We know of no safe or practical method of backflow or back- 
siphonage prevention except the correction or protection of each and 
every individual fixture, appliance, or unit system. 

(9) All water-piping going to all the individual fixtures and unit 
systems, including the valve or the necessary protective features at 
the individual fixture or unit system, should be regulated, inspected 
and tested under the supervision of the authority whose duty it is 
to safeguard the purity of the public water supply. 


Waren, 167." 


0 


bi oviesh ef? af bevlo Hon 


The management of every public utility property always has 
before it the ever changing, and therefore never fully answered 
question of rates, to challenge its interest and to occupy its time, 
Waterworks utilities are not different from other utilities in this 
respect, although some phases of water utility rate problems differ 
from those of other public utilities. 

In these days, much effort is being directed to the making of yard- 
sticks for comparing and establishing rates on bases that too fre- 
quently stress the competitive feature of rate making, instead of the 
basic principles which have so long been recognized by our courts, 
our Interstate Commerce Commission, and the fifty-one public 
service commissions that exercise authority over rates to varying 
degrees in the United States and her possessions. My purpose today 
is to redirect your attention to some of the fundamental principles 
which must be considered when a rate schedule is established on any 
base, if the rates are to be substantially fair to the utility and to 
the rate payer. 

In the days when the majority of water utilities were privately 
owned and operated, and when the industry was going through the 
development period during which revenues were frequently insuff- 
cient to meet the costs of operation and pay a fair return on the 
investment, considerable litigation concerning rates resulted. In 
most cases such litigation hinged on the 14th Amendment to the 
Constitution of the United States which provides that an owner may 
not be deprived of his property without due process of law. Or in 
other words, the owner was entitled to a certain definite return on 
his investment in a utility dedicated to public service. 

Out of this type of litigation came the formula that the income 
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from public utility operations should be sufficient to return to the 
owner all costs of operation, maintenance, depreciation, and a fair 
return on invested capital. A review of rate litigation leaves us con- 
vinced that all of the various elements involved in this kind of con- 
troversy have been decided by commission and court cases, and many 
of the more important questions have been decided by the Supreme 
Court of the United States. 

There is no substantial difference between the bases upon which 
rates for privately owned and municipally owned waterworks utilities 
should be fixed. The municipal utility seldom pays taxes and in the 
long run may have an advantage over the privately owned utility 
because of differences in the methods required by law in financing 
capital expenditures, but in the final analysis the requirements of a 
municipal plant are very similar to those of a privately owned plant. 
Pipe and equipment depreciate regardless of ownership, and operating 
costs have to be met in one as in the other. 

The managements of publicly owned utilities recognize the need 
of placing such utilities on a business basis, the basis past experience 
in the industry has proved to be necessary. This may be illustrated 
by an extract from the Kansas Statutes providing for the establish- 
ment of utility boards to manage and operate municipally owned 
utilities, taking away from the city governing body any control 
whatsoever of such utilities. A paragraph from the act follows, 

“13-1227. Board to fix Water rates. That the board of 
_ public utilities shall fix such rates for water furnished to 
consumers as will secure an income sufficient to pay all sala- 
_ ries and wages of all officers and employees in such depart- 
ments; to cover the cost of all materials and supplies usedin 
_ the operation of the plant; to cover the cost of all repairs; __ 
to cover all miscellaneous expenses; to pay all interest 
charges upon all indebtedness of the city created forthe pur- 
pose of purchasing, improving or extending the water works, 


paying off such indebtedness at maturity, and to cover the 4 

in cost of all repairs and renewals of the plant and all material ae 
used, together with a reasonable allowance for emergency __ 
and unforeseen expenses: PROVIDED, That the board 
aus of public utilities may fix special rates for water furnished K 
_ to the governing body of the city for public purposes, orto 
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_ The management of municipally owned waterworks utilities in othe 
States in the Missouri Valley apparently recognizes the necessity of 
_ sound business administration. The Metropolitan Utilities Distriet 
of Omaha has been long outstanding in this regard. Leavenworth, 
Kansas has recently turned its water system over to a board created 
under the authority of a special act of the legislature. Sound busi. 
ness management comes as the result of experience and clear think- 
ing, and it eventually must result in establishing equitable rates 
_ between the utility and the rate payer; without it fair rates are the 
__ result more of accident than design. 
‘Rate payers are entitled to receive service at the cost to the 
utility of the items previously enumerated. They are entitled toa 
_ fair distribution of costs as between different classes of users, based 
on the requirements of service for each class. If the rates collected 
___ produce revenues in excess of the amount needed to meet the require- 
_ ments of the utility, the ratepayer is entitled to a reduction in rates, 
Because of the fact that rate adjustments require considerable 
time and cause expense for both parties to a rate controversy, adjust- 
4 ments either up or down are only made at comparatively long inter- 
__-vals of time. However the rate payer to a privately owned water 
utility is secure in the knowledge that such a utility is subject to 
regulation, either through the city governing body, the state com- 
_ mission, or the courts, and sooner or later rate adjustments will be 
-made, or the reasons for not making them will be revealed. 
‘The rate payer to the average municipally owned utility which is 
_ hot under the jurisdiction of a state public service commission, or of 
_ a water board outside of the jurisdiction of the city governing body, 
has to depend on the fairness of the management to collect rates 
based on a reasonable cost of service. Operating costs are frequently 
excessive in some of the larger utilities because of political control, 
and excess revenues more frequently than not are diverted to other 
city departments, and are used to pay the cost of construction of 
_ projects not related to the water utility. 
es The necessity for a municipality to raise funds for making water- 
works improvements or extensions, without having the authority 
of the taxpayer to issue bonds, has been recognized on occasion; in 
Kansas, under an Emergency Act, municipalities could declare that 
an emergency existed, prepare plans for extensions and improvements, 
and on approval of the state public service commission could issue 
bons for the payment of such improvements without a vote of the 
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taxpayers. Many thousands of dollars were expended under this 
act for waterworks extensions, usually extensions to the supply or 
treatment of supplies, or the installation of pumping equipment. 

The Iowa law provides for the management of water utilities in 
cities of the first and second classes, by a Board of Trustees appointed 
by the council, and having the power to fix water rates without 
limitation, except that the rates collected must be sufficient (together 
with the proceeds of a tax of 2 mills for construction or bond pay- 
ments, and a 5-mill water tax) to meet the cost of operation, main- 
tenance and repair. 

Boards of trustees in Iowa cities of 100,000 and over are thou 
to charge the city rates not exceeding an annual rental or rate of 
$350.00 per mile of pipeline, including hydrant connections, for main- 
tenance. In the case of cities of this class, the rates must be saad 
cient to provide: 

(1) Interest on the entire outstanding indebtedness of the 
waterworks including that portion that is a general obli- 
gation against the city. 
co The cost of all operating expenses, including insurance 
against legal liability and the payment of judgments 
resulting from such liability. 
(3) A sufficient sum by way of a depreciation fund fully to 
pay at maturity all bonds and certificates, which by © 
_ their terms are payable out of the special tax or out of 
“ae the earnings of the property purchased under the powers © 
ae ‘holt granted the Board of Trustees. 
(4) A surplus to be used as working capital but not to 
exceed $125,000, provided that the Board may absorb 
all surplus in excess of $50,000 by reducing water rates sift 
wis _ to consumers, and does so absorb all such surpluses in di 
excess of $125,000. i 
- Under certain provisions of the Iowa law surplus earnings of a 
water utility, upon the approval of the Director of the Budget, may 
be transferred for the purpose of retiring existing bonded indebted- 
ness of the city or town where such indebtedness is payable by gen- 
eral taxation and provided the original bonds of the utility have 
been paid or adequately provided for by a sinking fund. 

A municipal plant should have reserve funds available for various 
emergency purposes without waiting for the taxpayers to provide 
funds through bond elections. Hower er, there is a fundamental 


her 
of 
th 
ted 
1Ss]- 
ake 
> 
tes 
the 
she 
a 
ed 
re- 
es 
dle 
st- 
to 
n- 
be 
18 
of 
y 
ly 
il, 
of 
y 
n 
2 
e 


- 


_ injustice to the rate payer when the utility is allowed to collect; rates 
_ to provide funds for making capital expenditures in the utility, 
At this writing approximately forty states have water revenue 
ond legislation enabling municipalities to buy, construct, extend 
_ and improve waterworks systems; such legislation provides for the 

Sills to be paid by the rate payer. The following statement with 

: _ respect to water rates which may be charged by a utility constructed 

_ through the aid of Water Revenue Bonds is quoted from a recent 

brochure by Lewis, Picket & Company, Investment Bond Brokers: 

“Freedom from Federal taxes, small overhead costs, and 
other economies incidental to municipal ownership make it 
possible to earn all charges including retirement of bonds, 
with the same rates charged by a privately-owned public 
utility which is not retiring bonds. If, however, for any 
reason it is desired to raise the water rates the following is 
illuminating. 

The Village of Oak Park, Illinois (the world’s largest village) 
acquired its water plant from a private corporation twenty- 
five years ago. The bonds issued for the purpose have all _ 
been paid and Oak Park owns its water system free of _ 
incumbrance. In 1936, because of the need of more revenue _ 
for corporate purposes, the rate for water was raised from 
18¢ to 27¢ per 1,000 gallons, and the water department is 
now turning into the general fund about $180,000 per year. 
There was practically no complaint against the increase 
in water rates. Imagine a privately-owned corporation — 
raising its rates 50 per cent!’ 

a In my opinion most revenue bond legislation which provides for 
the building of water utilities, or for creating general operating funds 
for the municipality, out of revenues derived from rates, is an unwar- 
ranted raid on the rate payer, and the paragraph quoted above 
serves to illustrate at least one view of the difference in the yard- 
sticks applied to rate making for municipally owned and privately 
owned utilities. In the case of Oak Park the rate payer evidently 
had no option but to accept a rate not based on a reasonable theory 
of rate making, but on the need of the village for funds for general 
purposes. 

Investigations conducted by committees of the American and New 
England Water Works Associations have long since established the 
— that up to 60 per cent of the cost of installing a a modern water- 
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s _ hole is evidenced by the fact that in many states municipalities _ 


e real property for the payment for fire protection, or, as in Nebraska, 
to assess a cost per foot of main against abutting property for con- 
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works system, varying with the size of the town, is for the specific 
purpose of prov iding fire protection. The fact that fire protection 


are permitted to collect a fixed percentage of the assessed value of 


struction. Attempts to equalize the burden of construction between 
the rate payer and the tax payer indicate that everyone recognizes 
the fact that injustice is done to the rate payer whenever he is re- 
quired to pay a charge for service not based on the cost of ‘that 
service, but including costs which should be paid by others. One 
of these well-known costs is the item of ‘free service” required to 
be given both by private and municipally owned waterworks 
utilities. 

Lest I be charged with dealing in theories instead of facts, let me 
eall to your attention the fact that in Kansas there are over 500 
municipally owned utilities of all sorts, including water plants, 
combined water and light plants, gas plants, electric distribution 
systems and electric generating and distribution systems. In 1936 
one hundred and fifty of these utilities contributed $1,387,200.00 of 
earnings to other city funds, and one hundred and thirty-eight other 
of these municipal utilities received $322,100.00 from other city 
funds, for various purposes. These earnings were collected from 
rate payers and from the cities themselves for hydrant rentals, street 
lighting, power for pumping and similar purposes. 

Sixty-five water and combined water and light plants out of three 
hundred and forty-two municipally owned water plants in Kansas 
contributed $319,471.00 of their earnings to other city funds in 1936. 
One hundred and nine water plants and three combined water and 
light plants received from the municipalities $274,435.00 of general 
tax funds to pay waterworks obligations. Obviously, rate payers to 
those plants that contributed revenues from collected rates to other 
city funds, are entitled to rate reductions, and the rates of those 
water utilities receiving money from other city funds for the pay- 
ment of water works obligations should be increased on any theory 
for fixing equitable rates. 

In the eleven or more states in which municipally owned public 
utilities are subject to the control of state commissions, such utilities 
have been put on the same basis as privately owned utilities, so far 
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_ lated and allowed to continue operations in the future as in the past, 
In law all rates are based on the theory of justice as between the 
utility and the rate payer, and whenever regulation comes to 4 
it carries with it a on recognition 


posing dt ne) od) base toy 
We come now to the question of valuation, which should precede 
the fixing of rates because the return to the utility depends on the 
value of the utility. Courts and Commissions have consistently 
"required that valuations for rate making purposes consider all ele- 
ments of value, such as the investment in the property, the outstand- 
ing securities and the cost of reproduction new of the property, less 
_ its accrued depreciation. Rate decisions generally follow a common 
form and state that all these matters have been considered in arriving 
iv at conclusions respecting value. However, analysis of such decisions, 
especially those rendered in recent years, clearly indicates that the 
cost of reproduction new less depreciation has been, in the majority 
of eases, the controlling factor in arriving at the value or rate base 
of a utility. 
William Jennings Bryan is credited with authorship of the phrase, 
cae “reproduction cost new less depreciation.” He was the original and 
effective proponent of this theory in a Nebraska rate case thirty 
or forty years ago, at a time when prices were steadily declining. 
This decline continued until 1915; then prices rose to a peak in 1920; 
settled back to a lower level in 1922; then fluctuated considerably for 
ten years and in 1932 came to a new low of about 150 per cent of 
the 1915 levels. Since that time there has been a generally steady 
increase of prices of labor and materials. 
Today we have the ‘prudent-investment’ theory advanced, or 
even demanded, as the last word in determining rate cases. This is 
a measure of value which has been consistently used for years by the 
Massachusetts commission, practically to the exclusion of all other 
measures or theories. The cost-of-reproduction-new theory was 
first urged and used at a time when bases so developed were lower 
than the amount prudently invested in the utility. There is some 
doubt as to whether investment records of that day were kept with 
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such care that they accurately revealed the amounts invested, and 
that fact may have had something to do with the selection of the 
method to be used. Today the situation with respect to costs is 
reversed and application of the prudent-investment theory generally 
results in a lower rate base for utilities than the cost of reproduction 
new less depreciation. 

It is perhaps unfair to suggest that the choice of theory has any- 
thing to do with the point of view of the parties to a rate case, but it 
js not unusual for rate cases to be presented by each side in the 
most favorable light, nor is it unusual for commissions or courts to 
discount testimony on the theory that it is partisan. 

Valuations, of course, require an inventory of the property and 
the application of costs to that inventory. They also include the 
determination of such general items as going value, interest during 
construction, cost of engineering, legal services during construction, 
and similar items. 

In times past there has always been some contention concerning 
whether or not these intangible items, such as going value, should 
properly be included in a rate base. All of these questions have 
been settled in one way or another by court and commission decisions; 
the decisions may not always appear to ‘square’ one with the other, 
but the basic reasoning is the same and similar decisions should 
come from the same set of facts. 

The cost to reproduce an existing property at present day prices, 
necessarily involves the determination of the present condition of 
each class of property in the utility in order to determine its per cent 
condition, per cent condition being the cost to reproduce less the 
amount of depreciation the property has suffered. Methods of 
determining depreciation by inspection are almost as numerous as the 
kinds of materials in a property; there is no fixed formula by which 
depreciation can be accurately determined, for each property is a 
problem in itself, and the accuracy of the result depends largely on 
the experience of the engineer making the determination. 

It seems unnecessary in closing the part of this paper relating to 
rates and valuation, to direct your attention to the fact that these 
matters require expert handling. Some valuation problems involve 
engineering only; others involve accounting or legal services, but a 
combined rate and valuation problem requires the expert services 
of lawyers, accountants, and engineers. wd 
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_ The specific questions covered by this title are: ao 
rental on private hydrants; od 
rental and inspection of sprinkler systems; bia b 
(8) regulation of the use of private well water for cooling __ 
(4) ownership, maintenance, and repairs of private services. 
_ The proceedings of the American and New England Waterworks 
Associations are replete with discussions and reports concerning 
these specific questions, excepting perhaps the regulation of water for 
cooling systems; this is a comparatively new problem and one with 
which the industry as a whole, has not yet made contact. An exami- 
nation of the data available through the proceedings will provide 
examples or discussion bearing on practically all of the phases of the 
problems presented. 

Courts and public utility commissions almost uniformly take the 
position that a water utility, whether it be privately or publicly 
owned, when it supplies water for the protection of private property, 
through private hydrants or sprinkling systems, is performing a 
service in addition to, and not necessarily comparable with, the sup- 
plying of water for public fire protection, and is therefore entitled to 
make a reasonable charge therefor. The underlying principle 
requiring charges to be made for such service is, of course, the fact 
that the rate payer is affected by any special service furnished at his 
expense. 

The practice of charging rental on private hydrants is not uniform. 

In one system private fire protection may be paid for through general 
taxation and not directly by the rate payer. In another the rate 
payer may be required to pay the major part of both public and pri- 
vate fire protection. It seems fair to say that any water works 
utility, wnether privately or publicly owned, is entitled at least to 
the actual cost of supplying fire service whether it be public or private 
service; it is equally certain the charge for such service should be paid 
by the person or property benefitted. In general, such charges 
should include the cost of the necessary facilities of taking fire protec- 
tion to the private property line, plus at least the cost of readiness to 
serve. The determination of this item is not always simple, for every 
system requires special analysis, and the answer cannot be determined 
by rule-of-thumb methods. 
5 ee It seems necessary for any water utility supplying water to either 
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a public or private user to be able to control the loss of water through 
the user’s facilities, either by faulty mains or services or by the 
design of the owner. Ordinarily, such control may be secured by the 
use of a meter, but where meters are not allowed because of the 
requirements of fire service, it should be conceded that the water 
utility must be allowed to make any inspections deemed necessary 
at any reasonable time, or to refuse service. 

There have been numerous court and commission decisions ren- 
dered on the issues raised in cases involving rates for fire protection 
supplied through private hydrants and sprinkler systems. The fol- 
lowing decisions are cited as being of particular interest in Iowa, 
Nebraska and Missouri. The New Jersey case is cited only to show 
the reasoning and the basis found for fixing rates for service through 
sprinkler systems. 

The Iowa Supreme Court decided in the case of Edgerly & Com- 
pany vs. Ottumwa (174 Ia. 205, 156 N.W. 388) that, 

“A city undertaking to supply water for automatic fire 
_ sprinkler systems must furnish the water at a regular rate 
rather than by special contracts—” to 
but the Court also said, Oy 
“We are not saying but that charges exacted for different _ 
_ kinds of service are not appropriate to be considered in 
making that of any one. What we do sayisthatnoother — 
service is so like the service rendered the sprinkler system 
that one may be referred to as a criterion for fixing the 
charges to be exacted for the other.” 

The Nebraska Supreme Court in the case of Keystone Investment 
company vs. Metropolitan Utilities District, 113 Neb. 132, 202 
N.W. 416, said that a 

“In being ready to furnish a supply of water from its 
mains through a service pipe for a standpipe in a private 
building, a water district renders a valuable service to the 
owners of such building, and enables such ownerstoenjoyan 
vi added measure of fire protection not enjoyed by the public 

- generally, for which service the district is entitled tomakea 

reasonable charge.”’ 

The court also held in this case that 

“A charge of $60.00 per year for a 4-inch pipe connection 
- with the service water mains for a supply of the standpipe 
for private fire protection was reasonable and not dis- w 
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2 _ Kenyon vs. St. Joseph Water Company, P.U.R. 1921 D. 590, that 


“Consumers with automatic sprinkler head system for fire 
protection should pay a water rate for the privilege of con- 
nection with the water system,” 
and the Commission held in this case that 

“‘A charge of 5¢ per year per sprinkler head with a mini- 
mum charge of $50.00 per year was a reasonable amount 
for automatic sprinkler connection with a water company.” 

The Iowa Supreme Court, in the case of Edgerly & Company ys, 
Ottumwa, quoted above, held that annual rates for automatic fire 
sprinkler service at $50.00 for 300 sprinkler heads or less; $75.00 
for 301 to 700 heads; $100.00 for 701 to 1100 heads, and .09¢ per 
head for additional heads, were not excessive in themselves nor 
discriminatory as compared with a rate of 30¢ per 1,000 gallons to 
ordinary consumers, or with rates varying from $7.00 to $25.00 for 
fire hydrants. 

The New Jersey Board of Public Utility Commissions in the case 
of the Middlesex Water Company, recommended that the water 
company file a schedule for private fire service through sprinkler 
heads equal to 60 per cent of the fixed service charge for a private or 
industrial meter of corresponding size. This reduced rate was not 
to be applied to meters on connections supplying sprinkler heads 
for hose line and hydrants. (P.U.R. 1925-A, page 17.) 

Discussion of the foregoing questions may be continued indefi- 
nitely, without fear of exhausting either the reasons for making a 
charge for private fire protection, or the objections to making such 
a charge, but court decisions apparently are based to a considerable 
extent, on the theory that it is necessary to give fair treatment to the 
rate payers, none of whom should be required to pay for service 
supplied without cost to others. 

Present day practice regarding the regulation of the use of private 
well water for cooling systems, has not yet progressed to the point 
where a “practice” can be said to have been formulated; each city 
meets the problem of disposal of the water by whatever method 
seems best for all concerned. 

Some cities with sewage disposal works or with sanitary sewers of 
small capacity, require the waste water to be put into storm sewers, 
or to be put back in the ground water underflow. There are cases 
where neither the capacity of the sewers nor the operation of the 
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sewage disposal works are yet affected by the extra volume of water, 
and little thought has been given to the matter under such cir- 
cumstances. 

Where water must be purchased either from a privately owned or 
from a municipally owned waterworks system, in addition to the 
problem of disposal of the cooling water, the matter of a sufficient 
supply for cooling purposes has already become serious for towns in 
certain sections. In such cases the solution must be to restrict 
cooling or to increase the supply; either is unsatisfactory and increas- 
ing the supply is out of the question in many cases, 

Oklahoma City is giving consideration to the problem of providing 
a limited amount of cooling, by circulating water from the city mains 
through the system and discharging it back into the city distributing 
system. 

Concerning the “ownership, maintenance and repair” of private 
services, apparently legal opinion as well as practice of all water plant 
operators is unanimously behind the proposition that it is best for 
the utility to own and operate its services to the property line. If 
meters are used in connection with each service they should be owned 
by the utility and if repairs are made on that part of the service on 
private property, the expense should be borne by the owner. 

In conclusion, let me say that however weary we may have become 
in waiting for the day when law and reason will prevail in the man- 
agement and operation of water utilities, when the same yardsticks 
will necessarily apply to such properties, whether privately or pub- 
licly owned, there are indications that we are getting around to the 
application of business principles to the problems we have been dis- 
cussing here. Under recent state legislation in Kansas, uniform 
accounting systems for all municipally owned utilities are being 
prepared by the State, and their use will be mandatory, This seems 
to me to be a long step forward, for it brings the day nearer when 
equity will be possible between the utility, the rate payer, and the 
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DESIRABLE CHARACTERISTICS 
A MUNICIPAL WATER SUPPLY 
oF By J. Hinman, Jr. 


_ Dual municipal water supply systems comprising a system carry- 
_ ing water of drinking water quality and a system carrying an u- 
purified industrial water, are unusual. Where an unpurified indus- 
trial water supply is required, it is commonly the property of some 
private industry and the municipal water authorities are endeavoring 


to see that no cross connection between the industrial system and 


3 


SE own public supply is possible under any conceivable circum- 
‘stance. The reason for the existence of the industrial water supply 
et is almost always economic since the installation is due to a desire 
ee for large volumes of cheaper water than the regular municipal water 
_ supply makes possible. The sickness and misery which have fol- 
lowed confusion of the industrial supply pipes with the municipal 
__ water lines, or the escape of impure water through some cross-con- 
nection into the public mains, are too well known to demand atten- 
tion in this particular discussion. 
It is only in the exceptional cases, or in places where the city water 
= ds too heavily mineralized, that the industrial water is provided 
ate Brome of its qualitative characteristics. Usually the public water 


supply is employed in the smaller industries and in all sorts of busi- 
nesses as well as for all domestic purposes. Unless the volume of 
water required is large and real savings are possible, even the larger 
industries choose the city supply. 
The fact that the municipal water supply is used for all sorts of 
‘purposes brings to the water works operator problems of a highly 
_ varied character. Each purchaser of water expects to draw from the 
mains a type of water ideally suited to his own particular needs. 
_ And if the water does not have this ideal adjustment to his problem, 
_he is seldom slow in making that fact known and in demanding that 
it be corrected accordingly. It is usual for the purchaser of water 


A paper presented before the Wisconsin Section meeting at Green Bay 
(November, 1937) by Jack J. Hinman, Jr., Associate Professor of Sanitation, 
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While a water which is suitable for drinking purposes is usually 
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to try the local supply without making preliminary inquiries as to 
the suitability for his needs and if it fails to give full satisfaction it 
is usual for him to feel that he has been damaged. Sometimes the 
water-quality requirements for one purpose are antagonistic to the 
necessities for another type of employment. Sometimes it is easy 
to correct the defects for the proposed use; at other times it is diffi- 
cult or economically inexpedient to make the correction. What is 
to be done in most cases depends upon priority of uses. 

It is quite generally conceded that ordinary types of domestic use 
come first in determining the quality of water to be sought. This 
means primarily that the water must be suitable for drinking pur- 
poses, for cooking and for washing. Suitability for drinking pur- 
poses involves safety from water-borne diseases, lack of irritant 
quality which would be responsible for a laxative or diuretic effect, 
lack of toxic substances, such as lead, fluorides, etc., lack of turbid- 
ity and color in noticeable amount and the possession of a pleasant 
taste, free from any hint of tastes or odors of objectionable or unusual 
character. Natives of a community may become adjusted to an 
amount of irritant mineral substances which would cause annoyance 
to newcomers, so that the local citizenry may be unaffected thereby 
and may even prefer the local supply to any other. Many of them 
come to like the sweetish or inky taste of an iron-bearing ground 
water and to miss it when they are offered water which has been freed 
of the iron in a treatment plant. People generally prefer that type 
of water to which they have become accustomed. But many will 
go a long way to get water that contains hydrogen sulfide—appar- 
ently on the assumption that water which tastes so badly must be 
good for whatever ails them. 

As a rule, any water that is suitable for drinking purposes is also 
suitable for cooking purposes, though it is claimed that hard waters 
are not so satisfactory for boiling vegetables as are softer ones and 
that a trace of zinc in a water tends to cause a greenish tint in white 
foods, such as rice or boiled potatoes. Small quantities of copper 
salts have been added to green vegetables, such as peas, to preserve 
the green color and make the product more attractive. Traces of 
copper in the water might have a similar effect. Iron in water tends 
tocombine with the tannins in coffee and tea and make the beverages 
blacker than they would be if iron-free waters were used in brewing 
them. This is merely an instance of the formation of a natural ink. 
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: - interferes with the process. Calcium, magnesium, iron and map. 
- ganese salts all destroy soap by combining with it to form insoluble 

‘ compounds of no value as cleansing agents. Consequently waters 
_ which contain notable quantities of these metals are undesirable for 

__ washing purposes. If a water contains enough of the salts of sodium 

or potassium to approach the characteristics of a brine, the soaps 
may become insoluble and useless in that water also. This is called, 
“salting out” the soap. 

Waters that contain iron and manganese usually hold these sub- 
stances in solution as the bicarbonate in the presence of an excess of 
free carbon dioxide. When the free carbon dioxide escapes and 
oxygen is dissolved from the air, the iron from the bicarbonate 
readily forms a hydrated ferric oxide which precipitates and finally 
settles out of the water. The manganese is usually more reluctant 
to separate in this way, but chlorination accelerates the deposition of 
hydrated manganic oxides. If the iron or manganese is not removed, 
clothes which are washed in the water, or which are sprinkled with 
it preliminary to ironing, will develop brown spots. If iron is present, 
the spots will be of a rusty color; if manganese is present the spots 
will be more clearly of a chocolate hue. At any rate the laundry 
people will be unable to obtain the brilliant white which they seek 
when washing sheets, table cloths and the like. As a rule the iron 
is so much easier to get out with the usual iron-removal equipment 
that complaints appear to be derived from manganese effects. 

It has been said that if about a tablespoonful of ammonium chlo- 
ride is added to a tub of water, the manganese trouble will not oceur, 
if the separation of the manganese has not yet begun. I have passed 
on this suggestion to a number of laundries when our local water 
supply was bothered with manganese content. They have had little 
further to say on the subject, so I assume that the addition of the 
sal ammoniac was effective. Lately I have wondered if the addition 
of ammonia and its salts to the water in chloroamine treatment might 
have an effect on the prevention of manganese precipitation. It 
takes about 0.3 ppm. of iron to cause trouble by precipitation, but 
0.1 ppm. of manganese is undesirable. 

The next most important consideration after domestic use is the 
making of steam, on which we depend so largely for power and for 
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heat. Steam has to be made from all kinds of water in all sorts of 
places and under all sorts of conditions. Operators of steam plants 
usually have a better notion of the difficulties with water supplies 
in the areas in which they work than do most other persons. They 
may moan somewhat, but they are for the most part resigned to the 
need of taking the water as supplied them and adapting it to their 
own use by means of softeners or by internal treatment in their 
boilers. ‘They would probably prefer to see the city water softened 
before it gets to them—if it needs it—but most of the users of large 
quantities of water for steam making would want to treat it, still 
further in their own plants. It is only the owner of the small boiler 
plant or the domestic heating system who is likely to think that the 
water department should solve his boiler water problems for him. 

The objective of water treatment, so far as the boiler house is con- 
cerned, is chiefly the prevention of formation of boiler scale with all 
its characteristics ranging from hardness to fluffiness, the prevention 
of corrosion, the avoidance of foaming and priming, and sometimes 
the combatting of a tendency to embrittlement of boiler plates. The 
study of boiler waters is a complicated subject, though everyone 
knows that it is desirable to keep down the amounts of the scale- 
forming calcium, magnesium, iron and manganese salts, to choose 
waters which are as low as possible in the sulfates that form hard 
scale, to avoid waters which are likely to cause corrosion because 
they are acid or contain excessive nitrates or chlorides, and to reduce 
the concentration of free carbon dioxide and dissolved oxygen which 
also tend to corrosion. 

Many people think that the small amount of free chlorine present 
in so many municipal water supplies is important in corrosion. Per- 
haps it is at times, but it is negligible in most cases. Many power 
plants chlorinate the water which they take from streams for con- 
denser and other purposes. It tends to keep down the growth of 
pectinatella and other slime and jelly producers which have stopped 
intakes and caused plant shutdowns or condenser failures. 

When it comes to foaming, high concentrations of soluble salts, 
suspended matters and substances which raise or lower the surface 
tension of the water are to be avoided also. Most water departments 
that attempt to soften a municipal supply work to a definite hard- 
ness standard for the water pumped to the public. Often this 
standard is of the order of 70 to 100 parts per million expressed as 
normal calcium carbonate. The users may desire to reduce it even 
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np Corrosion control may be attempted in plants which do not pur- 
port to soften the water furnished. Usually they will attempt to 
raise the pH of the water to 8.2 or 8.4. I do not know of a municipal 
plant in which an effort is made to deaerate the water as a corrosion 


preventive. 
_ Probably the next most frequent use of municipal waters is irriga- 


tion or simple watering of lawns and gardens. In some areas the 
volume of water used for sprinkling of vegetation accounts for 
a 60 per cent increase in pumpage during the summer—perhaps more, 
All waters are not equally suitable for this important purpose. Loeal 
conditions modify the desirability of waters too. The character of 
the plants to be grown is important, for some of them are highly 
sensitive to certain salts and others are tolerant. All grades of sensi- 
tivity may be met with between these two points. The original 
concentration of salts in the water is most important for if the con- 
centration of objectionable salts can be kept sufficiently low in the 
zone of root growth, the plants will thrive. 
_ Well drained soils permit the use of more highly mineralized waters 
than do less pervious ones. But the minerals dissolved in a water 
may make a great difference in the drainabillty of the soils to which 
they are applied. If water carries an excess of sodium, it tends to 
deflocculate the soil and render it more or less impermeable. If the 
calcium and magnesium predominate, then the base exchange, or 
zeolitic action of the soil will tend to the removal of the sodium and 
to the maintenance of good permeability. It is sometimes stated 
that if the percentage of the sodium milligram equivalents in the 
sum of calcium, magnesium and sodium milligram equivalents as 
determined by analysis is greater than 60 per cent, there is danger of 
impairing the physical characteristics of the soil and permitting the 
accumulation of salts in the soil solution, or sub-soil water. This 
soil solution or sub-soil water is usually much more concentrated in 
its dissolved salts than is the applied water. The transpiratidn of 
water by plant life and the evaporation of capillary water lifted to 
ground surface, contribute to this condition. The concentration of 
the soil solution is usually 3 to 8 times as great as that of the applied 
water. 

There are many substances found in waters which have an in- 
fluence for good or ill on plant life. Usually a very small amount of 
even the harmful substances will produce a stimulation of growth, 
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detrimental. Some substances, which are absolutely essential among 
the so-called minor constituents, are decidedly harmful if present in 
excess. Sometimes the critical zone is very narrow. 

Chloride ions in excess of 350 p.p.m. and the sulfate ions in excess 
of about 500 p.p.m. are considered hazardous in irrigation waters. 
Poor drainage, especially with predominant sodium in a water, 
make these ions more objectionable than in cases where other condi- 
tions exist. Nitrate nitrogen and phosphates as indicators of sew- 
age contamination or of the accumulation of fertilizer residues 
from cultivated lands, may be important in connection with sanjtary 
studies, but they are not very likely to indicate an unsuitable char- 
acter of irrigation water. 

Some plants, especially lemons and walnuts, are sensitive to boron. 
As little as 0.5 to 1.0 ppm. boron may injure these sensitive plants. 
Manganese, iodates, and numerous other substances are damaging 
to plants, if applied in excessive amount. 

Some plants if grown on soils derived from seleniferous shales may 
concentrate selenium in their own tissues in such quantity as to make 
them definitely poisonous, though the plants themselves may be 
without sign of serious impairment. This has occurred in Nebraska 
and South Dakota. 

The different species of plants have their different likes and dis- 
likes, and their limits of tolerance may be surprisingly different with 
respect to some particular substance. 

Industrial uses of water ordinarily are best served when the water 
is most nearly pure and free from dissolved substances or gases. An 
exception is said to exist in the brewing industry where the presence 
of calcium sulfate has long been claimed to be desirable. It has led 
to the so-called “plastering” of ales. Probably the brewer could 
control the calcium sulfate content in many cases by adding gypsum 
to a distilled water with more advantage than he could hunt for a 
natural water of just the calcium sulfate content he wanted. 

Iron and manganese produce lakes with certain dyes, consequently 
the dyer does not want them in a water he is going to use. He would 
prefer to add the iron or manganese salts himself when he wants to 
use them to form the insoluble coloring matters called lakes. Iron 
and manganese form brown spots when deposited on cloth or in 
white papers. Consequently the paper maker and the textile worker 
do not want iron or manganese in the water they use. Soft waters 
f sugar and other substances. But 
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sometimes high concentrations of sodium in softened waters are 
almost as undesirable as the concentrations of calcium, magnesium, 
iron and manganese in harder supplies. Waters high in sodiym 
commonly have a slick taste. 

For a long time anyone who wanted soft water, free from soluble 
salts, had to go to a place where such water occurred naturally, eol- 
_ lect rain water or else distill the water from some other kind of souree. 
Now it it possible to consider such devices as the streamline filter, 
: ie electro-osmose or the use of the newer kind of organic exchange filters, 

_ Whether they are to be considered feasible for general use remains 
to be seen. 
Among the complaints which the water department receives ig 
_ the common complaint about the death of gold fish in the homes of 
consumers. The consumer usually insists that the free chlorine 
- goncentration in the public water supply is to blame. Of course 
- chlorine will kill fish if present in sufficient amount. But as a rule 
1 the concentration is not great enough for this. The more common 
- actual causes of death of the fish are: temperature shock, lack of 
- oxygen, handling, overcrowding and poor sanitation of the aquarium. 
‘ J Fish are surprisingly affected by temperature shock at times. They 
are able to stand much greater changes in temperature if gradually 
applied. Transfer from warm water to cold kills many goldfish. 
_ Other problems arise in connections with the aquarium. For in- 
i _ stance salamanders have been found to be apparently sensitive to 
__- water containing precipitated manganic oxide. At least salamanders 
_ have frequently died when a surge in pipe lines stirred up deposited 
- manganic deposits and carried the material into a tank. 
Most water works operators have been anxious to destroy algae in 
water supplies because of the tastes which some of the algae impart 
tothe water. A complaint that algae and water fleas did not do well 
~ _ in an aquarium together with a request to improve the situation at 
cnc _ the water plant so that the algae would survive, would probably 
come as a surprise to the water works officials. Yet such a complaint 
has been received. (If the writer were to stop at this point and ask 
for a discussion of ‘‘goofy” complaints, an interesting symposium 
would likely result). | 
There are a great many matters which have to do with the safety | 
of water with respect to the avoidance of diseases caused by bacteria 
and other living organisms. Current procedures for determining | 
the safety of these lines are generally well known 
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have been very successful in assisting in the control of the water- 
borne diseases, particularly those allied to the typhoid fevers. We 
have reason to think that these procedures may need extension in 
order to afford adequate protection from less fatal, but nevertheless 
important types of gastro-intestinal distress which have been ex- 
perienced by numerous communities. To be sure, we are not cer- 
tain that the water supplies have been involved. The source of the 
diarrhea may be elsewhere. 

Then too it has been suggested, since most of these outbreaks have 
apparently been due to some irritant, that organic or mineral. irri- 
tants are involved. It has been suggested that some unknown ma- 
terial elaborated by blue green algae may produce such an effect; 
that various pollens falling into reservoirs may act as irritants on 
susceptible or allergic persons; that wind-blown dusts falling into 
reservoirs may be responsible for an irritant effect. We do not yet 
know how to appraise these matters. We can not freely accept 
these suggestions as the truth. We are aware, for instance, that on 
one occasion when a large growth of blue green algae occurred in a 
lake, and cattle were said to have died as a result of drinking the 
water, a colt and a calf were fed on such material and given the water 
to drink, but suffered no ill effects. Was this because the material 
produced was toxic only at certain times? If so, did decomposition, 
or arrival at maturity, or photosynthetic activity at the time, have 
an influence? These are purely speculative suggestions. 

It has not been so long ago that people were not sure that the mot- 
tling of teeth of children had any connection with the water supply. 
It was even later that speculation as to the cause of the mottling 
was going on. My own first though when I learned of the condition 
was that manganese might be responsible. That was wrong. Then 
the idea was suggested in Kansas that sodium carbonate was the 
cause, and there may yet be some indications of value tied up with 
the sodium carbonate concentrations of the guilty waters. Then the 
work of McKay, Churchill, the Smiths and many others on fluorides 
gave a new point to the whole investigation. It was found that 
fluoride in waters is much more widely distributed than was ever 
dreamed and that the places where significant concentrations are 
met with are relatively numerous and widely scattered. 

Just where the fluoride concentration begins to become important 
has not been closely agreed upon—probably because of varying de- 
grees of sensitivity in the methods of fluoride determination adopted 
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in different laboratories, and also probably because of the presenee 
of fluorides in certain foods which may be more extensively ¢on. 
sumed by young people in certain localities than elsewhere. Byt 
after all, the range in which the fluorides have been observed to com. 
mence activities is fairly narrow. The usual point suggested jg 
from 0.8 to 1.5 p.p.m. of fluorides, expressed as fluorine. Fluoride 
values in Iowa have been observed to reach the definitely active 
value of 10 to 15 parts per million at Ankeny, just north of Des 
Moines. Ankeny is the outstanding Iowa example of a community 
where waters capable of producing tooth mottling are encountered, 
Iowa is a very complex state geologically, in so far as the sedimentary 
rocks are concerned. Consequently fluoride concentrations and 
mineralizations in different areas and at different geological horizons 
fluctuate greatly. 

In Nebraska and South Dakota the objectionable effects of sele- 
nium concentrations in plants have been observed to be associated 
with the Pierre, Granerose, Carlile and Niobrara shales. Since these 
shales probably underlie some of the cretaceous rocks in northwestern 
Iowa, it was though worth while to examine waters from that area 
for selenium. This work has been handicapped by lack of personnel, 
but a few samples have been examined and the maximum selenium 
content found was 0.006 p.p.m. This was in a well 2340 feet in depth 
from the center of the State. The significant concentration is not 
known. Selenium from foods grown on seleniferous soils is probably 
much more important than that which would be taken in drinking 
waters. ‘ 

In making examinations for boron we were very much surprised 
to find four parts of boron per million parts of water, or about 
twenty parts, expressed as BOs, in a 1375 foot well in the south cen- 
tral part of the state. Traces of boron have been found in a majority 
of the water specimens tested. 

As would be expected, phosphates are highest in shallow wells. 
The maximum value was 0.6 p.p.m. We even found chromium to 
the maximum of 0.8 p.p.m. in a 381 foot well. 

In view of the importance of the lead mines in the north-eastern 
part of Iowa, it was suspected that it would be possible to find some 
small amounts of lead in well waters and spring waters there. But 
the maximum quantity found was only 0.01 p.p.m. 

The United States Treasury Department Standard sets the maxi- 
mum permissible zinc concentration in a water at 5 p.p.m. This 
value was arrived at by a sort of compromise of opinions. Subse- 
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quent dissatisfaction with the value has been expressed more fre- 
quently than with any other in the Treasury Standard, unless it is 
the provision that excess caustic lime shall not appear in a softened 
water. ‘There are springs reported in Missouri with a concentration 
of 50 p.p.m. zine which are said to have been used without ill effect 
over a long period of time. Probably the limiting value for zinc 
would have been better set at 10 or 15 parts per million. 

One report has appeared within the last year which is of importance 
to us all since it indicates that we need to know more about the 
traces of unusual mineral substances which may be present in the 
water which we supply. This report concerned arsenic which is 
generally recognized as a potent poison. In an Ontario natural well 
water it was found that a variable arsenic content, presumably being 
yielded from ferric arsenate in limestone rock, was responsible for 
arsenical poisoning. Usually the amount of thesubstance present was 
much less than 10 p.p.m. as As,Os, (or 7.6 p.p.m. arsenic), though even 
that value was obtained on examination of one specimen which was 
secured from the suspected well. 

It is quite likely that some obscure troubles among water con- 
sumers, which have pointed inconclusively to a water supply as a 
cause, may have had some real basis in the effect of traces of mineral 
substances present. 

In 1933 Braidech and Emery reported a series of interesting facts 
based on the spectrographic examination of a limited number of 
Ohio water supplies and planned later to follow these with reports 
of examinations of additional specimens. Among the surprising 
things reported by Braidech and Emery are the general presence in 
certain Ohio city water supplies of traces, or larger quantities, of 
barium, boron, copper, fluorine, lead, manganese, silver, strontium, 
titanium, vanadium, zinc and of course sodium and potassium. Anti- 
mony, arsenic, beryllium, nickle, and tin, were found in some of 
these Ohio water supplies as mere traces but were absent from other 
waters. Of course all of the supplies tested contained calcium, 
magnesium, iron, silica and alumina. 

It would be highly advantageous to the water supply industry if 
we knew more about the traces in our water supplies of the sub- 
stances which can be disclosed by the use of the spectrograph. This 
is a most sensitive device for measuring traces of substances, where 
it is applicable. It is unfortunate that we do not yet know of a 
means of investigation for the presence of organic irritants which 
can compare in sensitivity and accuracy with the spectrographic 
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_ method which permits the identification and estimation of the merest 
traces of those substances which will give a characteristic spectrum 
in the electric arc. Perhaps some day there may be procedures 
_ devised which will enable us to detect also the significant traces of 
organic irritants. 


~ RECOMMENDED READINGS TO ACCOMPANY PAPER ON 
DESIRABLE CHARACTERISTICS OF A MUNICIPAL 
ona? WATER SUPPLY 


1. Drinking Water Standards. U.S. Pub. Health Rep., 40: 693 (1925). 

2. How are Public Water Supplies Related to the Incidence of Gastro-Ep- 

‘ teritis? A Panel Discussion, Jour. A. W. W. A., 29: 1137 (1937). 

_ 3. G. F. Rugpieer. The So-Called Alkali Waters of North Dakota. Am. 

Jour. Pub. Health, 3: 1094 (1913). 

_ 4. H. C. Knggetanp. Manganese in Laundry and Pipe Lines. Jour. A, W. 

W. A., 13: 436 (1925). 

 §. L. G. Wiuias. Bibliography of References to the Literature of the Minor 

Elements and their Relation to the Science of Plant Nutrition. Chilean 

Nitrate Educational Bureau, Inc., New York (1935). 

Cart S. ScHorretp anp L. V. Witcox. Boron in Irrigation Waters. 

U.S. Dept. of Agriculture. Technical Bulletin No. 264 (1931). 

- 7. Cart 8. Scnorrerp. Quality of Irrigation Waters, South Coastal Basin 

Investigation. Bulletin No. 40 and Bulletin No. 40A, Division of 
Water Resources, Dept. of Public Works, State of California (1933), 

8. V. G. Hetter. The Effect of Saline and Alkaline Waters on Domestic 
Animals. Exp. Sta. Bull. No. 217, Oklahoma Agricultural Experi- 
ment Station (1933). 

. H. T. Dean. Further Studies on the Minimal Threshold of Chronic En- 
demic Dental Fluorosis. Pub. Health Rep. 52: 1249 (1937). 

. Eutas Etvove. Removal of Fluoride from Water. Pub. Health Rep., 
62: 1308 (1937). 

. Horace G. Byers. Selenium Occurrence in the United States with a 
Discussion of Related Topics. U.S. Dept. of Agriculture, Technical 
Bulletin No. 482 (1935). 

. Joun T. MrtueR AND Horace G. Byers. A Selenium Spring. Ind. Eng. 

; Chem. (News Ed.), 13: 456 (1935). 

13. Maurice I. K. W. Franke anv B. B. Westratu. The Selenium 

e Problem in Relation to Public Health. Pub. Health Reports, 51: 

t 1496-1505, (October 30, 1936). 


14. M. I. B. B. anv E. F. Srontman, Jr. The Elimination 
7} of Selenium and its Distribution in the Tissues. Pub. Health Rep., 
F 62: No. 35, 1171 (1937). 


AW. Epwarp Bartow AND Oris M. WzicLE. Zinc in Water Supplies. Ind. 
Eng. Chem., 24: 463 (1932). 

16. J. Wyte. Arsenic in a Well Water. Canadian Pub. Health Jour., 2: 

128 (1937). 

17. Matuew M. Braipecu anv F.H. Emery. The Spectographic Determina- 


i 
pe 
. 
ae 
a 
5 
ee —- tion of Minor Chemical Constituents in Various Water Supplies in 
Bs it a the U.S. Jour. A. W. W. A., 27: 557 (1935). 
& 


if 
7 HE CHEMICAL CHARACTER OF NATURAL WATERS 


ag 
The chemical character of natural waters is largely determined by 


By L. LAMAR 


the dissolved mineral constituents. In some cases, the presence or 
mn absence of a certain constituent may be the important factor. How- 
ever, in most cases the mineral constituents present in a water in 
vt significant amounts are now known qualitatively before the quanti- 
W. tative analysis is made. The actual amounts and the relative 
amounts of the mineral constituents known to be present generally 
nad in natural waters are usually the determining factors with reference 
- to chemical character and to the general usefulness of a water. 
nf In numerous cases a single analysis may be sufficiently representa- 
tive for a ground water supply. Some ground waters, especially 
sin those from shallow sources, may vary in composition from time to 
of time. Ground waters subject to pollution will vary in accordance 
» with the amount of pollution. A single analysis of the iron and 
Hf manganese content of ground waters containing objectionable 
amounts of these constituents may give very misleading results. As 
in- an example, 23 samples of water collected at different times from a 
well in Maryland gave an iron content ranging from 1.4 to 52 parts 
Po per million. The average iron content for the 23 samples was 7.0 
parts per million. 
cal Surface waters may vary widely in their content of dissolved and 
suspended matter through the year and from year to year. The 
ng. mineral content of the Colorado River at Grand Canyon, Arizona 
rot ranged from 258 to 1332 parts per million during the year 1935-36. 
Bi: The mathematical average for the year was 902 and the weighted 
average was 591 parts per million. Considering the minimum con- 
ion centration this represents a change of 416 percent. For the ten year 
Ps period, 1925 to 1935, the mineral content of the Colorado River at 
nd. A paper presented before the joint meeting of the Southeastern and 
é- Kentucky-Tennessee Sections at Chattanooga, Tennessee in April, 1937. 
4 The author, William L. Lamar, is Chemist of the U. 8. Geological Survey, 
Washington, D. C. The paper is published by permission of the Director 
of the Burvey: 
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sidering the minimum concentration this represents a change of 736 
percent. The above figures for the Colorado River are based on the 
: i. sum of the mineral constituents as determined from complete mineral 
analyses. Surface streams low in dissolved mineral content are not 

__ likely to have such a wide range in concentration. For waters high 
i in dissolved mineral matter the minimum concentration is likely to 
i _ represent periods of high discharge while the maximum concentration 
is likely to represent periods of low discharge. This may or may not 
be true for streams containing only small amounts of dissolved 
mineral matter. 

i. Generally, the suspended matter carried by a stream varies 
te throughout the year and from year to year considerably more than 
_ the dissolved matter, and in general it may be stated that the greater 
_ part of the annual load of suspended matter is carried during rela- 
a few days of high water. In some cases 90 per cent or more of 
+ total annual load of suspended matter may be carried in approxi- 
mately ten days of high water. 

For most surface streams it is desirable to have a series of analyses 
covering a period of a year. For some surface streams it is worth 
ike _ while to have a series of analyses covering a period of from five to ten 
‘years. 

~ oe Any study of the chemical character of natural waters is dependent 
upon the accuracy of the analytical results involved. Occasionally, 
incorrect and decidedly misleading analyses have been reported or 
offered for publication because of the assumption that students with- 
out much actual analytical experience could make reliable water 
analyses. Equally poor results have been offered from laboratories 
or chemists with much experience in some kinds of analytical work, 
but without special knowledge of water chemistry. A poor analysis 
is often less desirable than no analysis at all. 

Then there are some other causes for analytical errors. Waters, 
particularly the very alkaline ones, stored in poor soft glass bottles 
or stored for too long a time in good bottles will dissolve the bottles. 
A sample of the Washington, D. C. tap water stored in a poor soft 
glass bottle for one year increased in dissolved mineral content from 
91 to 177 parts per million. An analysis of the water before and 
after storage indicated that the significant changes in the composition 
of the water were due to increases in silica, sodium, and alkalinity. 


a 
a Grand Canyon, Arizona, ranged trom 226 parts per million for the 
period June 11-20, 1929 to 1889 parts September 21--30, 1934. Cop. 
a 
; 
a 
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With very muddy waters there may be some biological action in the 
bottle. A sample of water collected from the Little LaCrosse River 
near Leon, Wisconsin on April 27, 1935, and analyzed on June 1, 
1935 had a mineral content of 243 parts per million based on the sum 
of the mineral constituents determined in the complete analysis of 
the water. Twenty-six days later, this sample of water was analyzed 
again and in that time the dissolved mineral content had increased 
to 450 parts per million. 

The United States Geological Survey has published two reports 
that serve as guides to the published collections of water analyses in 
the United States. U.S. Geological Survey water-Supply 560-C, 
“Index of analyses of natural waters in the United States,” lists the 
publications up to and including 1925. This report is for sale by 
the Superintendent of Documents, Washington, D. C. for 5 cents. 
U. 8. Geological Survey Water-Supply Paper 659-C, “Index of 
analyses of natural waters in the United States, 1926 to 1931,” 
lists the publications for the dates indicated. Unfortunately this 
report is now out of print. The chemical character of the water of 
670 of the larger public water supplies in the United States is given 
in U. 8. Geological Survey Water-Supply 658, ‘““The industrial utility 
of public water supplies i in the United bioin) 1982. " 
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By H. L. Ourn ann J. V. GAULER 


_ In an earlier publication the senior author (1) discussed the 
4 broader aspects of the use of bentonite as a coagulant in water 
- treatment, showing that under easily controlled conditions a sus. 
pension of this highly colloidal clay added to a turbid water floceu- 
lates readily to form an adsorbent precipitate that effectually re- 
“4 moves the original silt dispersion. In this paper we are concerned 
_ primarily with the effects of variables in the bentonite-water system 
_ such as the nature of the electrolytes present and their concentra- 
_ tions, the temperature, the degree of turbidity, the presence of 
protective colloids and the like, all of which have an important 
bearing on the effectiveness and economy of the use of this material 
in the treatment of public water supplies. 
The term bentonite as used in this connection is limited strictly 
_ to the so-called Wyoming alkali clays containing replaceable alkali 
bases, i.e., having zeolitic properties, and which on contact with 


__-water form jellies and swell to volumes from five to ten times their 
original bulk. Bentonites, as limited by this definition, when dis- 
persed in water free from electrolytes form remarkably permanent 
_ suspensions. But like all colloids in general, they flocculate readily 


_ polyvalent. Distinguished from these are the alkaline earth clays 
and the fuller’s earths, many of them of great industrial importance 
= but lacking in general the peculiar colloidal properties of the clays 
question. 
The coagulation of a colloidal suspension is a complex physical 
henomenon which nevertheless, follows definite fundamental laws. 


A paper presented before the Missouri Valley Section at Omaha, Novem- 
ber, 1937. 

_ H. L. Olin, the senior author, is Professor of Chemical Engineering in the 
University of Iowa, Iowa City, Iowa. J. V. Gauler, the junior author, is 
Research Assistant in the Department of Chemical Engineering at the Uni- 
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A certain minimum concentration of the given electrolyte called the 
coagulation value must be reached to bring about the “‘break”’ that 
marks the change in equilibrium and to produce the floc or sharply 
separated solid phase. Furthermore, the coagulating power of the 
active ion increases greatly with its valence, and we find that in 
typical suspensions of negatively charged colloids the critical con- 
centrations of monovalent, divalent and trivalent cations are of the 
order of 1200 to 30 to 1 respectively. In the clarification of raw 
water supplies with dilute suspensions of bentonite we are interested 
mainly in the naturally occurring divalent cations Cat+*+ and Mg** 
present as carbonates and sulfates which occupy the geometrical 
mean position in the relationship given above and which in all but 
relatively soft waters are of sufficiently high concentration to bring 
about flocculation in a reasonably short time. When however, 
surface supplies are diluted with flood waters from heavy rains or 
melting snows it is obvious that the concentration normally main- 
tained may fall below the critical value. This, in turn, must be 
restored by means of chemical dosage with lime or alternatively as 
indicated above, with small additions of alum or ferric salts. 

Minimum or critical concentrations of lime and of calcium sulfate 
required for the coagulation of bentonite suspension in non-turbid 
waters are shown in the two curves of figure 1 as functions of the 
time needed for flocculation and complete sedimentation. In this 
illustration which covers the case of the divalent ion, three significant 
facts are to be noted. First, the concentration necessary for com- 
plete precipitation in two hours is little more than that for seven. 
For shorter periods the dosage must be greatly increased to produce 
a floc heavy enough to settle in the limited time allotted. In the 
second place minimum concentrations of divalent cations are inde- 
pendent of the amount of the negatively charged clay particles 
present; in this respect they differ from the mono and trivalent ions, 
as may be seen later. Finally we see in comparing curves a and b 
the differences in peptizing or dispersing effects of the SO.- and OH - 
anions which cause some divergence in the curve positions. 

The great coagulating power of the trivalent aluminum ion is 
shown graphically in figure 2. As distinguished from the first case 
however, the amount of alum needed is dependent upon the bentonite 
concentration although large increases of the latter are effectively 
floceulated by slight additions of the salt, as shown by the high slope 
of the curve. It follows of course that from a practical standpoint 

time treatment Urought about 
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aluminum or iron salts are promising agents for tempering soft 
_ waters preparatory to bentonite dosage particularly when the use 
_ of lime alone would unduly increase the hardness of the water. With 


_ waters of high concentrations of carbonate hardness on the other hand 


: lime addition would be actually beneficial because of its soften. 
action. 
As a matter of scientific interest but without practical importance 
in this work, we show in figure 3 the limiting flocculation values 
vie ow lo 
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Fig. 1. BENTONITE COAGULATION: MINIMUM CONCENTRATIONS OF 
DIVALENT COMPOUNDS 


Fic. 2. BENTONITE COAGULATION: MINIMUM CONCENTRATIONS OF 


oom of a salt yielding a monovalent cation. In this, the third case to 
be considered, we recognize a new relationship between the sol and 
the flocculating agent, one in which the flocculation value of the 
salt is inversely proportional to the concentration of the suspended 
colloid. So low is the flocculating power of sodium chloride and 
similar salts that in many cases dosage to a noticeable salinity would 
be necessary to produce a positive result. Theories underlying 
this and the other described are 
Kruyt (3). 
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‘f BENTONITE CLARIFICATION COMBINED WITH LIME SOFTENING 


An ideal situation for the rapid flocculation of the bentonite sus- 
‘pension and the removal of suspended turbidity that may be present 
in the water arises when the clay treatment is combined with lime 

osage for the removal of carbonate hardness. In this case the high 
concentration of calcium ion occurring from the summation of both 
natural and added lime brings about a rapid and voluminous pre- 
cipitation of bentonite floc while at the same time the softening 
reaction proceeds as in an independent process. Indeed the slight 
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zeolitic effect of the clay brings the residual hardness down to a 
point below that due to the lime alone. Moreover, even in the 
softening of non-turbid waters, the use of bentonite is distinctly 
advantageous by reason of its scavenging action on the small crystals 
of calcium carbonate formed which, at low temperatures at least, 
are sluggish in rate of growth and therefore in initial speed of settling. 

To cite a specific case two 1 liter samples of a raw water with a 
total hardness of 310 p.p.m., a carbonate hardness of 266 p.p.m. 
and a turbidity of 38 p.p.m. were treated with lime to 340 p.p.m. 
The simple lime treatment brought about a slow precipitation of 
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calcium carbonate which finally after 3 hours settled to a volume of 
6.5 cc. The break of the clay sol occurred on the other hand within 
a minute or two after its addition to the water and the floc settled 
rapidly to a maximum volume of 22 c.c. leaving a clear effluent of 
zero turbidity and a residual hardness somewhat lower than that 
remaining in the other case. So complete seems to be the removal 
of the light suspension of minute crystals of calctum carbonate that 
is ordinarily held back in a lime softening operation that it seems 
probable that in many cases subsequent recarbonation might be 
much reduced. 

Additional evidence of the acceleration in rate of precipitation and 
swelling in floc volume produced by the mixing of lime and bentonite 
in a softening operation is presented graphically in figure 4. The 
curves included show the result of treating a water of a given car- 
bonate hardness with (A) an equivalent amount of lime alone, (B) 
with bentonite alone, and (C) with a mixture of both. The out- 
standing advantage of the latter combination is immediately obvious 
from the viewpoints of both speed and completeness of reaction. 
In any case there is no doubt that the two agents, lime and bentonite, 
are mutually complementary and that they constitute an erate 
satisfactory combination for the situation outlined. 


OPTIMUM BENTONITE DOSAGE FOR TURBID WATERS 


We have discussed the simple case of non-turbid waters where 
the concentration of calcium ion necessary to produce complete 
coagulation, once the critical point is reached, is independent of the 
amount of bentonite present. When however, in the more common 
situation, the water contains silt or other suspended matter more or 
less colloidal we have a system of four variables viz., the turbidity 
of the water, its electrolyte concentration, the minimum or optimum 
bentonite dosage necessary for satisfactory clarification and finally, 
the minimum period of time required for coagulation and sedimenta- 
tion. It is obvious that here we encounter the phenomenon of in- 
hibition of flocculation due to the presence of protective colloids 
and it becomes necessary to increase the concentrations of either the 
electrolyte or the flocculating agent, or both, to produce the desired 
results. Figure 5 shows a typical plot indicating the relationship of 
hardness, turbidity and bentonite treatment required to bring about 
clarification within 6 hours at 70°F. The tests plotted were made 


with the use of an artificial mud suspension of controlled coefficient 
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of fineness (0.8 to 1.0) (2) and are comparable among themselves 
but not necessarily with other muds of different composition or fine- 
ness. It is evident from inspection of the curves for high turbidity 
that the minimum clay dosages required become excessively high at 
low electrolyte concentrations and that additional chemical treat- 
ment is needed. For example a water of 80 p.p.m. of carbonate 
hardness with a turbidity of 1,500 would theoretically require 700 
p.p.m. of bentonite for adequate correction. However by the addi- 
tion of 80 p.p.m. of lime to bring the combined electrolyte concen- 
tration to 160 p.p.m. the bentonite demand is cut down to 125 p.p.m. 
and in addition a marked reduction in the final hardness is effected, 
Alum with its high coagulating power may be used but of course 
no softening effects would follow such treatment. 

Plots for shorter coagulation periods down to 2 hours are similar 
in general appearance but minimum concentrations of both elec- 
trolyte and clay become progressively higher as the time allotted 


EFFECT OF TEMP ATION — 


ERATURE ON BENTONITE FLOCCULATION 


_ Like other chemical or colloidal reactions, the speed of bentonite 
flocculation is affected by changes in water temperatures. In a 
series of parallel tests, 6 one liter samples of water of 160 p.p.m. 
total hardness were treated with a bentonite suspension to 100 
p.p.m. under identical conditions except that temperatures were 
maintained at 38°, 50°, 60°, 70°, 80° and 90° Fahrenheit respectively. 
The time of break and volume of flocculated sediment is shown for 
each case in figure 6. If we may assume that the scavenging effect 
of the floc is a function of its apparent volume it follows that optimum 
results should be obtained under summer conditions. However by 
increasing the dosage somewhat the handicap of low temperature 
may be effectively overcome; in any case it is usually true that high 
and troublesome turbidities are most st frequently « encountered i in the 


EFFECT OF VEGETABLE COLORING MATTER On 


q BENTONITE FLOCCULATION 


Color is imparted to natural surface waters in contact with leaf 
molds through the extraction of more or less of the tannins of the 
leaf tissue. Since both suspended bentonite and these tannins are 

negatively charged colloids, their mutual effect is one of dispersion 
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= 
or repulsion rather than of coagulation; in other words each serves 
to protect the other from influences that tend to break them into 
flocs. A series of tests in which prepared “‘leaf teas’’ were used in 
flocculation studies gave the results plotted in figure 7. Not only 
was the time of break delayed with increasing color concentrations 
but the effective volume was progressively diminished. This phe- 
nomenon however is general in its nature and the flocculation of 


alum and ferric salts is similarly inhibited by the presence of organi¢ 
colloids of this kind. “ta 
06.8 


ad 

The alkali bentonites in water suspension form in bene highly 
colloidal systems of negatively charged particles which react with 
mono-, di- and trivalent cations to form adsorptive flocs in accordance 
with well established physical laws. The minimum electrolyte 
concentrations necessary for the coagulation of bentonite suspensions 
in clear waters and in those containing clay silts, are graphically 
presented. Lime softening of a water containing carbonate hardness 
presents a particularly favorable situation for use of bentonite for 
clarification. 

Certain protective colloids, such as the tannins extracted from leaf 
molds, inhibit to some extent the precipitation of the bentonite sol 
as they do in the case of other coagulants. Moreover the speeds 
of the reactions involved are functions of the water temperature. 
26 
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STATISTICAL REPORTS FOR WATER WORKS PLANTS 

The purpose of this paper is to call the attention of those engaged 
in water works system operation to the very important, and often 
neglected, item of statistical reports, with special reference to the 
technical aspects of power and pumping operations. No considera= 
tion has been given herein to the statistics of purification or finance. 

An attempt is made to demonstrate that the statistical form origi- 
nally formulated by the New England Water Works Association and 
outlined in ‘‘Water Works Practice,’’ the Manual of the American 
Water Works Association, should be revised for the sake of clearness, 
ease of computation, and modernization. Particular emphasis is 
placed on the present practice of reducing items such as pumpage, 
fuel, power, cost, etc., to a comparable basis with other plants by 
setting up an arbitrary standard of comparison of one million gallons 
pumped through a vertical distance of one hundred feet. 

Accurate statistics of power and pumping plant operation and unit 
costs for comparisons of month to month and year to year within 
the plant and with other plants are considered so important that a 
typical example of the process of reducing information from the daily 
log sheets to statistical form is included together with comments on 
the more important computations. 

The comparative standard of ‘‘one million gallons 100 feet high” 
is similar to ‘‘equivalent evaporation” or “evaporation from and 
at 212 F., as used in boiler plant practice, but unfortunately it is not 
as convenient. Obviously this standard was selected as a compara- 
tive basis for the reason that it would be readily understood by lay- 
men and non-technical operating forces. Since the adoption of this 
standard, more rational factors have come into general use by the 
great majority of power and pumping plant operators. 

The term “one million gallons 100 feet high”’ is simply a statement 
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of work done and is equivalent to 1,000,000 X 8.345 X 100 o 
834,500,000 foot pounds. Since there are 1,980,000 foot pounds in 
one water horsepower hour, then 1 million gallons 100 feet high js 
a equivalent to 834,500,000 + 1,980,000 = 421.46 water horsepower 
% hours. There is nothing mathematically incorrect about the term, 
a At first thought it may seem that the time element is lacking, but as 
q demonstrated above this is unnecessary. One confusing feature of 
3 the term is that it cannot be directly converted into terms of water 
a horsepower. The use of this standard has no relation to the charac- 
teristic of the pumps to which it is applied; it is simply a mathe- 
4 matical standard of comparison. 

F This standard is used in determining various items listed in the 
3 suggested statistical form published in the manual of ‘“‘Water Works 
= Practice,” (pages 621 to 633). For example, item No. 21 (page 627) 
reduces actual pumpage to the pumpage which would have resulted 
if the same work had been done against a head of 100 feet. To 


- compute this item, note that the actual pumpage should be multi- 
Be plied by the ratio of the actual total head to 100 feet. 

a Example: Actual Pumpage = 2,000 million gallons. me 
7 Actual Total dynamic head = 130 Ft. pees: 

Bs Then: Water pumped 100 feet high = 2,000 X po = 2600 


Million Gallons. 
Item 24d concerns the amount of electric power required to pump 
one million gallons 100 feet high. In computing this value the kilo- 
i. watt hours required to pump one million gallons against the average 
a operating head is known; this value is then multiplied by the ratio 
s of 100 to the average total dynamic operating head. 
Example: Kw. Hours required to pump one million gallons against 
130 feet head = 500. 


Then: Kw. Hours required to pump one million gallons against 
100; 
2 100 feet = 500 X 1307 384.61. 


It will be noted that the multiplying ratio in the second example is 
the inverse of the ratio used in the first example. When computing 
the amount of water pumped 100 feet high per kilowatt hour the 
ratio of actual head to 100 feet head is used; this is the same as the 
ratio used in reducing pumpage to a 100 foot basis. 

Example: Pumpage per Kw. Hour at 130 feet head = 2000 gallons. 
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age pe K 130 
Then: Pumpage per Kw. Hour at 100 feet head = 2000 i100 = 


2600 Gallons. 
When computing the amount of fuel required to raise one million 
gallons 100 feet high, or the cost to raise one million gallons 100 
feet high, the ratio of 100 feet to the actual head is used which is the 
same as used in the second example where power required to do the 
basic unit of work was computed. 
Example: Coal required to pump one million gallons at 130 feet 
head = 600 pounds. 


Then: Coal required to pump one million gallons at 100 feet _ 
100 _ 


The point to be emphasized is that the computation of these 
various items is tricky because the actual operating data must be 
multiplied by different ratios depending upon the nature of the items. 
If very careful thought is not given to each computation it is quite 
simple to use the wrong ratio; and the error is not apparent, particu- 
larly if the actual head does not differ materially from the basic 
head of 100 feet. So far as is known, the term ‘‘one million gallons 
100 feet high” is used only in the water works operation field. 

It is submitted that the use of the term ‘‘water horsepower hour” 
as a basis of comparison would make for simplification and ease of 
computation as well as comform with general practice in other fields. 
Water horsepower can easily be computed directly from pumpage and 
total dynamic head. 

The following condensed form may be considered as showing the 
basic information on the operation of a water works pumping and 


power plant. orld ei 

1. Amount of water pumped (gallons). 
_ 2. Average total dynamic head pumped against (feet), = 
_ 3. Total water horse-power hours developed. fq 
_ 4, Total fuel (coal, oil or gas) consumed for pumping water. 
_ §. Total electric power consumed by pumps. dt 
6, Heating value of fuel (coal, oil or gas) weighted average. __ 
Economy: 
ani (a) Fuel used for pumping water; pounds per water 


horse-power hour. 
“Ft (b) Electric power used for pumping water; kw. hours 
per water horse-power hour. 
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: (c) B.t.u.’s per water horse-power hour. 
erry (d) Thermal efficiency of pumping plant (fuel to 
fs water or switchboard to water, per cent). 
(e) Average overall efficiency of pumping units, percent, 
8. (a) Cost of fuel (coal, oil, or gas) per ton for coal, per 
gallon for oil or per 1000 cu. ft. for gas. f 
(b) Cost of electric power per kw. hour (net). 
. Unit Cost: 
(a) Fuel cost per water horse-power hour. 
(b) Electric power cost per w.h.p. hour. 
10. Total cost (operation and maintenance) per million 
gallons. 
To these items may be added various other more or less importa: 
data depending upon the type of plant for which the report is being 
prepared. In a steam turbo-generator plant such items as: plant 
a? water rate (pounds of steam per net kw. hour), fuel rate (pounds of 
ie fuel per net kw. hour), plant heat rate (B.t.u. per net kw. hour), 
and many others may beincluded. The extent of detail will depend 
upon the completeness of the report desired. 
In preparing such a report good judgment and great care are 
necessary to guard against accumulation of small errors due to 
improper condensation and averaging of the original data. 


Lis 


The computation of the average total dynamic head for a single 
pump or a group of pumps must be done accurately and carefully 
whether the final comparisons are to be based on water horse-power 
or on one million gallons pumped 100 feet high. Total dynamic head 
is the net pressure (measured in feet) against which a pump operates 
and is equivalent to the discharge head (measured at the discharge 
flange of the pump and corrected to the centerline of the pump), 
plus (or minus) the suction head depending upon whether the level 
of the suction well is below or above the centerline of the pump, plus 
the difference between the velocity head at the discharge flange and 
the velocity head at the suction flange, if any. The average total 
dynamic head for a group of pumps should be the weighted average 
of the total dynamic heads of all individual pumps based on service 
hours or quantities pumped. 

A sufficient number of recording and indicating meters and instru- 
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ments should be available for obtaining reliable information con- 
cerning the operation of the entire plant and they should be checked 
periodically in order to maintain them in a dependable condition. 

This type of information, when finally reduced, recorded and 
analyzed not only facilitates comparison of month to month and year 
to year, and of one plant to another, but serves the more important 
functions of indicating where waste occurs and how operation may be 
changed to improve the efficiency of the plant. 

The following typical example is given to indicate the method used 
to reduce log sheet data to the suggested form outlined herein. The 
figures are taken from the records of a typical month operation of the 
Springwells Station of the Detroit Department of Water Supply. 

Example: The following is a brief condensed example of a statisti- 
cal report for a power and pumping plant for a month of operation. 

1. Amount of water pumped (three services) = 6,435,630,000 
2. Average total dynamic head pumped against = 99.80 

This figure is very important. The following example is used to 
indicate how to compute it using assumed values which are not 
correct for other figures shown: 


Total Dynamic 
Pump No. Service, Hours Head Hours X He 


Weighted average total dynamic head = a = 45.83 

wt | 600 adi 


Ile 


High Lift Plant Pumps—High Service System: 
Total Dynamic  Product-Service, 
Pump No. Service, Hours Head  ~—C Hours X Head 
1] 300 180 ~-54,000 
000, ( i; ood 
000, ( 200 200 40,000 
113,000 


Weighted average total dynamic head = = 188.33 
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High Lift Plant Pumps—Intermediate Service System: 


Total Dynamic Product-Service, 
Pump No. Service, Hours Head Hours xX Head 


bus 300 150 45,000 
gdwes Totals 600 82,000 

82,000 


Weighted average total dynamic head = othe 136.66 


The above procedure simply demonstrates the method of deter. 
‘mining the weighted average head. An arithmetical average is not 
correct for the reason that one pump may operate at the greatest 
head for only a few hours during the month and vice versa. There 
may be some argument for using the pumpage of each pump as the 
weight to apply to the head of that pump, and it may be more cor- 
rect because total delivery includes both time and rate of pumpage 
but in most stations this is not possible due to a lack of meters. Iti 
prohibitively expensive to provide an accurate meter for each indi- 
vidual pump, except in the case of very small plants. It is considered 
that the use of either method results in nearly the same values and 
that service hours data is easier to obtain than individual pump 
delivery. 

Note that total dynamic head is used for each pump to obtain the 
weighted average total dynamic head for all pumps, and that this 
was computed from the algebraic sum of the discharge head, the 
suction head, and the velocity head difference. The discharge gauge 
reading should never be used as the head against which the pump 
operates or in computing work done by the pump. 

The next step is to compute the average total dynamic head for 
all services as is shown in item 2. This is done by using the pump- 
ages from the three services as follows. 


(2) ine 
(1) Average Total (3) v 
Services Dynamic Head Pumpage Col. 2 X Col. 3 

Low 45.83 3,000,000 ,000 137,490,000,000 
High Service........ 188.33 1,000,000,000 188,330,000,000 
Intermediate Service. 136.66 2,000,000 ,000 273,320,000,000 

Totals. . 24 5,000,000,000 599, 140,000,000 

Weighted a average e total dynamic head for whole station = 

599,140,000,000 


= 119. 
5,000,000,000 ~ 
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This figure corresponds to the head 99.80 feet shown in item 2 — 
and would check if the actual figures had been used. 


3. Total water horsepower hours developed: 
: b. High Service Pumps................... 1,065,477 
Intermediate Service Pumps............ 999,067 
This figure is computed for each service as follows: W. hp. hrs. = 
3960 
ot gallons per minute pumpage rate for the month and T.D.H. is the 
st total dynamic head. 
re : 4. Total dry coal used for pumping water = 3,357,916 
he pounds. 
§. Total electric power consumed by pumps = 2,523,000 
ig Kw. hrs. 
is 6. Heat value of coal consumed (dry basis) 13,766 BTU’s./Ib. 
i- This figure is also a weighted average based on amounts of coal 
d burned during each sampling period. Samples of coal are taken 
d continuously and analyzed for moisture content daily, colorific value 
p weekly and proximate analysis monthly. 4 
7. Economy: 
e (a) Fuel for pumping water (dry basis—item 4 divided f 
is | . by item 3) pounds per water horsepower Hr. = A 
(b) Electric power-Kw. Hrs. Per W.Hp.Hr. = 0.933. 
(Item 5 divided by Item 3) 
©) BTU’s. per water horsepower hour = 17,097.4. % 
r (Item 7a X Item 6) 
(d) Thermal efficiency of pumping plant = 14.89 coal 
pile to water mains. 
Input is equal to heat value of coal burned. me 
Output, in terms of heat, is equal to the water a 
horsepower hours developed multiplied by the 
) heat equivalent of one water horsepower hour ~ 
or 2547. 
Therefore, = thermal efficiency = 
) item 4 X item 6 Soren 
2,703,043 X 2547 ; 
and this equals 3 357,915 x 13,766 ~ 14.89. 
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(ge), Average overall efficiency of pumping units = 79,95 
per cent. 


‘This is determined by dividing output 
by horsepower input and may be determined for 
we ee each class of pumps in the same manner. 
4 8. (a) Cost of fuel per ton = $3.73. x Me 
(b) Cost of electric power = $0.00667. i 
(Operation and Maintenance only) ai 
9. Unit Costs: 


aie (a) Fuel cost per Water Horsepower Hour = $0.0023. 


ay t 8a 

hee (b) Electric power cost per water horsepower hour = 
$0.00622. 
aia: (Item 7b X Item 8b) 
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10. Total cost per million gallons pumped 
(Operation and maintenance only), $6.88 
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5,008,000 
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INSTALLATION AND MAINTENANCE OF METERS | 


Proper operation of the meter department is sometimes sadly 


neglected by numerous companies and departments. It is difficult 
to understand that these same companies will and do pride them- 
selves on the excellent appearance of their physical property and 
the efficiency of their pumping units, yet do not properly protect 
their only source of income. 

Numerous tests by various experimenters have shown that many 
new §-inch meters will register only 93 per cent of the total water 
used in an average household. Although these meters will accu- 
rately record all water used at rates higher than 1 g.p.m., they will 
register at but only 94 per cent on streams of } g.p.m._ It has been 
found that from 25 to 35 per cent of the total water used in the aver- 
age house is at rates less than 1 g.p.m. 

It is not the exception to find meters which have been in service 
8 to 10 years to register 60 per cent or less of the total water passed 
through the meter. The results obtained are due to the quality of 
water handled and individual experience of the effect of this on the 
meters in service of any company should determine the degree to 
which maintanence work should be carried. 


METER SELECTION eecihess 


Factors of utmost importance considered in the selection of meters 
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Dependability, iio jon ef sid? od fiw 
Inter-changeability of parts, 
life, 


Was 


aad Use of proper metals to resist chemical reaction and mineral 
deposits from corrosive waters. 


A paper presented before the New Jersey section meeting at Atlantic 
City, October, 1937 by James G. Carns, Superintendent of Meter Department, 
New Jersey Water Co., Hadden Heights, N. J. 
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ah It will be noticed that initial cost is not included in the above ligt 
It is unfortunate that in so many cases initial cost is the prime factor 
determining the selection of meters purchased. This is due to the 

a > =e fact that many purchases are made by those not well informed op 
= the subject. This practice should be condemned by those — 
in the efficiency of the meter department. 


INSTALLATION lo. 


; a At Haddon Heights meters are installed in tile pipe at the curb. 
: _ The tiles used are 18 inches in diameter and three feet long. The pit 


meters are installed on risers with the meter couplings twenty inches 
from the ground surface. This depth permits easy reading and 
accessibility for changing the meters, yet affords proper protection 


= freezing. This practice has been used for the last thirteen 
_ years and of a total of 7,800 installations approximately 4,000 are so 
ac made. The balance of our meters are installed in the cellar. The 
only trouble experienced with freezing conditions was caused by 
faulty installation. As the curb stop is the termination point of the 
company’s responsibility of the service line, we believe it is the 
proper place for the meter installation. 

Although the original installation costs are considerably higher 
than cellar set meters, savings are made in reading costs, the total 
of which increases every time the meters are read. With property 
frontages averaging fifty feet, a minimum of 270 meters are read 
daily as compared with 160 inside meters. It is also possible to 
obtain readings each quarter without back-calls, which we have 
found to average from 8 to 15 per cent of the properties visited. 

In only 3 months of the last ten years has it been necessary to use 
extra men to clean ice and snow from the pit tops. As we employ 
cycle reading and billing which necessitates continual reading, it 
will be seen this condition is not of importance to this company. 


The ols consideration given to installations larger than the ordi 
nary house size is that of sufficient and adequate supply. It has 
been found that in numerous cases in former years the size meter 
installed was dictated by architects or personal desires of applicants, 
without due regard to actual requirements of the property. In two 
instances, high schools were supplied with four-inch services on 
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four-inch compound meters. After tests with a recording register, 
these meters were replaced with 2-inch disc type meters with tre- 
mendous increases in registration and no impairment of service. 
These changes were made over five years ago and we have still to 
hear the first complaint caused by inadequate supply. 

Tests are made with a recording register on all new installations 
before a permanent setting is made. Provision is made at this time 
for the installation of the next larger size meter to take care of pos- 
sible increased demands in the future. 


do: ei 
BATTERY SETTINGS V8. COMPOUND METERS 

After experiencing great difficulty with loss of registration on 
compound meters and high maintenance costs due to the compound 
valves sticking, we have adopted the use of multiple settings of 2-inch 
dise type meters. 

Much has been written of the advantages of compound meters 
and how under widely varying demand conditions it is possible to 
register more accurately the water used. No doubt the theory 
involved is correct. We have not experienced this advantage, how- 
ever, in actual practice. No loss of registration was found in any 
case where the change was made to battery settings. In fact, 
increases in registration in our original changes led to the adoption 
of battery settings as standard practise. 

Other advantages worthy of consideration of battery set meters 
are: installation of by-pass connections are unnecessary as the 
meters can be repaired or changed without interruption of service; 
meters are more easily tested as the smaller meters are more readily 
removed for shop tests and it is not necessary to resort to field tests; 
the number of sizes of meters is reduced. This has a beneficial effect 
on the number of parts necessary to stock and tends to standardiza- 
tion of fewer meter sizes. can 

LENGTH OF SERVICE BEFORE TEST 


In 1928, a program of periodic removal for test was instituted and 
from the poor results obtained of the meters removed that year, 
it was decided to remove the 3-inch, 3-inch and 1-inch meters every 
five years, regardless of registration, and the larger size meters 
oftener. Prior to that time, meters were removed only when they 
had ceased to register, when they leaked, etc. 
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an endeavor to measure the results obtained from this work, the total 
registration of all meters in service each year, record of which ig 
obtained from billing recapitulation sheets, is divided by the number 
of meters in service at the close of the year. This date was selected 
as the one, which from year to year, would be most likely to be the 
most representative count. As the territory served is entirely regi- 
dential and not affected by industrial variations, this method seems 
to be accurate. 

The following tabulation shows the results obtained. Also shown 
is the percent of the total pumpage recorded by the meters each year, 
It should be noted that this is not total accounted for water as no 
allowance is made in this table for flushing, fire service, ete. 


REGISTRATION PER 


YEAR METERS IN SERVICE METER, GALLONS PERCENT OF PUMPAGE 
1928 5,645 44,100 55.0 
«5,954 45,500 


1930 6,450 45, 100 «53.8 

«6,579 48,600 65.6 
1983 6,608 47,800 
1934 6,689 47,900 ta 
1985 6,768 48 , 900 


TESTING METERS 


All meters are tested as follows: 


METER SIZE, INCHES | MAXIMUM FLOW, G.P.M. eer FLOW, | wiInIMUM FLOW, @.P.M, 
15 2 
j 2 6 2 1 


These flows are used for new and repaired meters, with the follow- 
ing test specifications maintained: 
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A multiple test bench holding five meters is used, which permits 
the test on the minimum flow of 10 gallons. Whereas forty minutes 
for such a test would be unreasonable for a single 3-inch meter, when 
five meters are tested at once, the time required per meter is not. 
This test is most important in determining the quality of repair work 
done and is the one which may be the difference between a deficit 
or a profit on the balance sheet, if the above specifications are main- 


tained. 
spe REPAIRING METERS 


A As the most important part of a meter is the measuring chamber, 
much time is devoted to the correct fitting of the disc. It is exnentisl 
to the proper repair of the disc chamber that very close tolerances 
be exacted between the disc ball and the chamber and along the dise 
edge. We have found it more practical and satisfactory to install 
new half-balls when the fit becomes bad rather than shim up the 
balls with paper. The fitting of the disc is done by feel only and the 
accuracy of this work is disclosed when the meter is tested on the 
minimum flow. 

Chambers which show mineral deposits are dipped in a solution of 
5 ounces sodium cyanide and 8 ounces sodium hydroxide to 1 gallon 
of water, which effectually cleans the parts. No trouble has been 
experienced with the metal being eaten away by this solution. 

Dirty casings are thoroughly cleaned and painted to present a neat 
appearance to the public. 

aM 

It appears a tremendous task to think of changing and testing 
say 10,000 meters every five years and many departments probably 
are hesitant to institute such a program due to the expense involved. 
We have found however that the additional expense is offset many 
times by the increase in revenues. 

The practice of using meters for billing water consumers has re- 
sulted mainly because of the unfair discrimination and inequalities 
of all flat or fixture schedules. Much the same discrimination results 
however, if all meters of a company are not maintained at the same 
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REPORT OF THE AUDIT OF ASSOCIATION FUNDS 
FOR THE YEAR ENDING DECEMBER 31, 1937 __ 


To the members of the American Water Works Association: 


The By-Laws require that the Secretary shall have made an 
annual audit of the books of the Association. 

The records for 1937 have been examined by the staff of Louis D, 
Blum & Co. The complete record of that examination follows, 

Due to the changes in office management and routine, there were 
a series of audits made in the course of the year by the same firm 
of accountants. This was done in order that our financial records 
be improved and maintained in a manner fully satisfactory to anyone 
concerned, 

Reference may be made to the audit for 1936, which appeared on 
pages 714 to 720 of the Journat for May, 1937. 

There is also submitted a membership statement for 1937 and a 
comparative record for 1928-1937 inclusive. 

Respectfully submitted, 
Harry E. Jorpan, Secretary. 


HH February 10, 1938. 
Mr. Harry E. Jordan, Secretary, 
American Water Works Association, = = 


29 West 39th Street, 


Dear Sir: 

The audit of the books of account of your Association for the year ended 
December 31, 1937 has been completed and as a result thereof we submit the 
following described exhibits and schedule: 

Exhibit ‘‘A’’—Balance Sheet—December 31, 1937 
Schedule 1—Investments—At Cost, December 31, 1937 
Exhibit “B”’—Statement of Income and Expenses for the Year Ended 
“hi December 31, 1937 
Exhibit ‘‘C’’—Surplus Account for the Year Ended December 31, 1937 

In accordance with the procedure adopted for the prior year the balance 
sheet represents the condition of your Association as at December 31, 1937, 
including proper accrued receivable and payable items. 

As at December 31, 1087 unearned subscriptions to the journal aggregated 
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$1,346.70. This sum was excluded from income and shown as a deferred credit 
in the balance sheet; it will be reflected in your income for the year 1938. No 
similar adjustment could be made for unearned subscriptions as of the begin- 
ning of the year for the reason that information to support such adjustment 
was not available. In Exhibit ‘“B’’ the cost of reprints sold exceeds the 
amount reported as sales. We were informed that committee members were 
furnished with reprints of their reports without charge, which explains 
the reason for this condition. 

The surplus account reflects the net income for the year per Exhibit ‘‘B’’, 
the profit on securities sold during the year 1937 and several adjustments 
applicable to the prior year. 

Our representatives again found it a pleasant duty to conduct the examina- 
tion at your office. We desire to express our appreciation of the courtesies 
extended to them. 

Very truly yours, 
Louis D. Buum& Co., 
ue Certified Public Accountants. 


wii’): 
Assets po 
Cash in banks and on 89,868.81 
Accounts receivable: vont 
American Public Health Association. .............. 1,308.29 
Accrued interest on bonds and notes.......... 360 .49 
Inventories: 
Less: Reserve for depreciation..................... 2,448.49 1,562.50 


Investments, per schedule 1—At 35,671.83 
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Liabilities and Surplus 
Membership dues—Advance payments. 3, 140.96 


EXHIBIT “A”, SCHEDULE 1 
InvestMENTS—AT Cost, DECEMBER 31, 1937 Read 
SECURITY PAR VALUE | 
44s | $2,000.00 1967 $1, 932.50 
Be City of Los Angeles, water works 
--:*<International Tel. & Tel.............5 8 3,000.00 1955 2,895.00 
New York City Corporate Stock.... 44s 2,000 .00 1956 1,990.00 
New York City Corporate Stock..... 4is 2,000 .00 1961 1,995.00 
‘New York City Corporate Stock..... 43s 2,000 .00 1963 1,990.00 
York Steam Corporation.......5 s 4,000.00 | 1951 4,060.72 
North American Edison........ 2,000.00 1969 1,915.00 
Province of Ontario.................448 2,000.00 1946 1,690.00 
 ‘Peovines of Ontario................. 4s 1,000.00 1964 732.50 
Province of Ontario............ ... 68 3,000.00 1942 3, 105.00 
Province of British Columbia. . . 43s 1,000.00 1951 1,000.00 
Southern Pacific Co....... 5,000.00 1977 4,875.00 
United States Savings Bonds *5 250.00 1947 5, 250.00 » 
$36 , 250 .00 $35 , 671.83 
* Value of bonds at maturity date, May 1, 1947, $7,000.00 
) 


EXHIBIT ‘‘B” 


“ STATEMENT OF INCOME AND EXPENSES FOR THE YEAR ENDED DEcEMBER 31, 1987 


Operating income: tie 
Subscriptions to journal......................... 1,582.62 ad's 
Convention registration fees..................... 5,032.00 
Convention extra 1,008.79 
Water Works Manufacturers Association......... 7,500.00 nights 
Interest on investments......................... 1,456 .00 aman 
Interest on deposits and notes................... 9.03 Re 


Tnear subscript 
Unearned 346.70 
Surplus, per exhibi 255.56 
— 
| 
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Development income: 

Royalties on 
Sales of 
One-half of profits from sales of 8th edition of 

“Standard Methods of Water Analysis’”’........ 


Operating expenses: 
Directors’ and Executive committee meetings: 


Travel expenses—Annual meeting.... $1,708.71 


Stenographic expense................ 127 .86 
* Executive committee expense........ 93 .60 
Administrative expenses 
Office 2,851.94 
Membership promotion.............. 523.05 
General travel expense.............. 284 .23 
Administrative salaries. 
Section and division expense: 
Section—Membership allotment...... 3,715.60 
Journal: 
VAL, 787 .72 
Abstract editorial................... 250 .00 
Convention: 
4,657 .64 
Management committee. ............ 265 .90 


Publicity and attendance committee.. 172.50 


Total development 


tbh 


$170.00 
81.50 
1,118.03 
274.87 
9.50 
20.50 
457 .63 


1,308.29 


baa 
dev ban 


5,277 .54 
25 , 007 .30 
443.51 
in 
6, 155.31 
| 
ada 


ate 
il 


$3 , 435 .32 


$74,611.30 


18,787.49 
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Depreciation of office equipment................... 
Uncollectible accounts prior years................. 
Miscellaneous 


SP 


Cost of publications sold: 

Committee expenses: 
Quality and treatment............... 59.90 
Hydrant and valve specifications. .... 69.65 ooo 
Methods of determining Fluorides... . 22.90 

Total development expenses.................. 1, 558 .23 
_ Net income for the year—Transferred to Exhibit “C”............ $8,275.08 
Surpius AccounT FOR THE YEAR ENDED DECEMBER 31, 1937 
Add—Credits: 
ie Net income for the year, per Exhibit ‘‘B”’......... $8 , 275.03 ia 
Profit realized on sale of New York City bonds.... 1,004.50 
of inventory of specifications at December 31, Live 
1937, purchased in prior year and charged to ex- porbeitl ig 
pense in year of purchase........................ 17.55 
Total credits............ ay 9 , 297 .08 


Deduct—Debits: 
Adjustment of value of January 1, 1937 inventory of 
“4 Adjustment of balance of accounts.receivable—Dues 


Balance, December 31, 1987, Per Exhibit ‘‘A’”’................... $46, 255 .56 


=) 
[J. A.W. Wea 
a 
$460.00 
244.93 
778 
Total operating expenses........................ $64,778.04 
en 
Development expenses: 
a 
$46 , 335.95 
4 
4 
if 
4 
80.39 
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Membership statement for the year 1937 


acrive | “Dare | | | TOL 
January 1, 1937................. 2,315 229 163 17 2,724 
Gains: 
New Members.............5.. 447 40 23 4 514 
78 3 5 86 
2,840 272 191 21 3,324 
Losses: 
Resignations te Deaths...... 103 7 11 1 122 
Suspended for Non-Payment of 
132 6 1 139* 
235 13 12 1 261 
Total December 31, 1937........ 2,605 259 180 20 3,064 
Total January 1, 1937........... 2,315 229 163 17 2,724 
— 1087 290 30 17 3 340 
- * Dues from 5 of these members have been received since January 1, 1938. 
This brings the total membership up to3,069. = | ast) 
Comparative statement—Gains and losses—Ten-year period 
87 SUSPENDED TOTAL 
OF DUES YEAR 
ewes 514 86 122 139 +340 3,064 
a 1936 311 53 104 218 +42 2,724 
. 1935 565 42 85 190 | +332 | 2,682 
1934 271 66 86 122 +129 2,350 
08 1933 168 56 159 234 — 169 2,221 
a *h 1932 117 22 169 297 —327 2,390 
95 ws 1931 203 22 123 216 —114 2,717 
a 1930 501 39 121 134 +285 2,831 
hie 1929 314 25 118 130 +91 2,54 
1928 203 36 99 126 +14 2,4 
Total 10-year | 3,167 447 1,186 1,806 +623 
period 
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ABSTRACTS OF WATER WORKS LITERATURE 


Key 29: 408 (Mar. ’37) indicates volume 29, page 408, issue dated March 
- 1937. If the publication is paged by issues, 29: 3: 408 (Mar. ’37) indicates 
volume 29, number 3, page 408. Initials following an abstract indicate 
reproduction, by permission, from periodicals as follows: B. H.— Bulletin of 

amb Hygiene (British); C. A.—Chemical Abstracts; W. P. R.—Water Pollution 
(British). 


CHEMICAL 


‘The Need for pH Standards. Baker WINGFIELD, W. H. Goss, Watrzr J, 
ba Hamer, AND 8. F. Acreg. A.S.T.M. Bulletin No. 90: p. 15 (Jan. ’38). Co- 
7 =P, - operative laboratory pH tests by 12 labs. on same material gave 2 groups of 
results about 0.15 pH apart: pd goeapen of pH measurement indicates need 


basis. Authors suggest primary be established accurate to within 
_ +0.001 pH and maintained at central lab. for research and for calibration of 
___- gecondary or practical standards to accuracy of +0.01 pH. The errors encoun- 
tered with the frequently employed electrometric system of saturated calomel 
electrode (half-cell), liquid junction, solution under test, and glass electrode 
(half-cell), are due to lack of proper shielding of electrical assembly; errors 
inherent in electrodes such as hysteresis, asymmetry potentials and impurities; 
and various methods of constructing liquid junction. In all the proposed 
methods of measuring d.c. potentials in circuits of high or low resistance, 
shielding and housing are essential for precise work. D.c. amplifier systems 
with glass electrodes will detect 0.1 mv. with glass electrodes having 10 
megohms resistance. Other reported methods of good sensitivity are men- 
tioned but further work is required to increase precision in simple devices. 
Errors in reference half-cells are specific for type employed, predominating 
error for a calomel electrode is hysteresis and may amount to 0.5-0.9 mv. when 
temp. range is 6° to 8°C. changing at a rate of 4° to 5°C. per hr. and temp. of 
electrode is taken as that of its KCl soln. Also it requires several hrs. after 
temp. change to come within 0.2-0.3 mv. of equilibrium value. Precludes 
possibility of accuracy to within +0.01 pH unit which is oftentimes desirable. 
Silver chloride electrodes appear to have promise but all require more study. 
Various types of Corning 015 glass electrodes or half-cells are in use for 
containing, stabbing, dipping into or contacting surface of material whose 
pH is to be detd. In use, current flows through glass wall whose resistance 
may be between 5 and 1000 megohms with subsequent wide variation in aceu- 
racy. Changing differences or hysteresis between potentials of inner and outer 
glass surfaces, so-called asymmetry potentials, have been reported to vary 
from 0.1 to 95 mv. but are generally only a few mv. after soaking the glass half- 
cell several days in water or buffer. Glass half-cell should only be used as 4 
secondary standard and must be calibrated frequently (hourly) for precise 
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work. Good practice to store electrodes in buffers having composition and pH 
approx. those of soln. to be measured. Work is needed to detn. resistance of 
wall of glass half-cell as well as on polarization capacitance in both a.c. and 
d.c. measurements. Elimination of error due to liquid junctions is difficult 
and necessitates research of fundamental nature. Colorimetric methods in 
which certain organic dyes change color within narrow ranges of acidity, are 
very convenient and have wide use. More information is needed on influence 
on sample of the pH of indicator itself, on salt effects, protein effects, and on 
the errors inherent in the photometric equipment and methods. Error due to 
pH of indicator itself is small except for dilute or unbuffered solns. which can 
be tested by isohydric indicator method. Electrolytes may affect all the 
colored forms of the indicator, such as quinone and quinonephenolate groups, 
and to different degrees. Frequently desirable to compare hydrogen ion 
conc. and hydrogen ion activity. Ratio of activity to cone. called ‘‘activity 
coefficient,’ and is unity for ideal solns., less than unity for most solutions. 
Question still remains whether usual pH measurements give measure of hydro- 
gen ion conc. or hydrogen ion activity. Present pH scale is based on temp. , 
of 25°C., application to other temp. gives approx. results only, pH pure water 
is 7.4, 7.0, 6.5 and 5.7 at 0°, 25°, 60° and 218°C. respectively. pH values of 
buffers change in various degrees with temp. Program for needed research is 
given.—Martin E. Flentje. j 
bast 

WATER TREATMENT be 

Zeo-Karb H. A New Method of Conditioning Water to Remove Sodium Bi- 
carbonate Chemically Instead of by Distillation. S. P. APPLEBAUM AND Ray 
Rizy. Ind. Eng. Chem. 30: 80 (Jan. 38). Zeo-Karb H, new hydrogen zeo- 
lite developed by The Permutit Co., has been used continuously day and night 
since Jun. ’36 at Crisfield, Md. in base exchange treatment for ice-making 
from water contg. in p.p.m.: Na2COs, 42; NaHCOs, 705; NaCl, 90 and Na.SO,, 
62. Zeo-Karb H removes metallic ions from soln. and replaces them with 
hydrogen. Treatment of Crisfield water results in free acidity due to con- 
version of NaCl and Na2SOQ, to corresponding acids. This is corrected by 
by-passing enough untreated water to neutralize acids and give 75 p.p.m. 
NaHCO; in effluent, which yields satisfactory ice when frozen with low pres- 
sure air at 10°F. with single drawing of small core. Zeo-Karb H unit is of 
gravity type, 3’ diam. and 8’ high. Water passes through at 7200 gal. per 
day, and 2600 g.p.d. are by-passed to mix with treated water, before entering 
aerator to remove most of CO:. Capacity of zeolite charge is about 7200 gal. 
For each regeneration, 44 lb. of 66° Bé. H,SO, are used, or 4.5 Ib. per 1000 gal. 
of final effluent, costing at Crisfield 0.33¢ per 1000 grains of NaHCO; removed. 
Costs would be as low as } this amt. for large users of acid. Method is suited 
to treat NaHCO; waters for boiler and other uses. In reverse cycle, Zeo- 
Karb Na can be used like other sodium zeolites and has advantage of high 
capacity, large grain size and non-siliceous nature, eliminating risk of adding 
silica to boiler water.—Selma Gottlieb. 


Methods Available in Processing Public Water Supplies. Paut HANsEN. 
Ill. Munic. Review. 16: 235 (Dec. ’37). Water filtration began in England 
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about 1827. Preliminary sedimentation was practiced at an early date. In 
the early 80’s Hyatt conceived the idea of coagulating water with alum prior 
to filtration through sand. Rapid sand filters, thus made available, were at 
first regarded askance by sanitarians. From 1890 to 1910 both slow and rapid 
sand filtration were in vogue in the U.8. Rapid sand filter plants constructed 
during the 90’s presented a vastly different appearance from the modern filter 
plant, and their bacterial efficiencies were questionable. In ’01 the basie 
Hyatt patents expired marking rapid advances in filter plants. About ’10 
chlorine was introduced as a sterilizing agent. In ’15 the U. S. Treasury 
standards of quality were formulated. The war period emphasized the impor- 
tance of sterilization with chlorine. Decade ’20 to ’30 was marked by exten- 
sive introduction of water purification works including improvement in char- 
acter of personnel in charge of works. Since the war architectural treatment 
of purification plants has improved. During first twenty years of present 
century there was notable development in softening of public water supplies. 
Present decade has shown no slackening in improvement of water purification 
practice. The modern water purification plant can process almost any water, 
and the finished product will have most desirable characteristics. Cost 
of water purification is small compared with other water works costs and 
actually trifling compared with the benefits that accrue.—H. E. Babbitt. 


Open Sand Filters at Fairmilehead-Edinburgh Water Supply. ANon. Wir. 
and Wtr. Eng. (Br.). 40: 25 (Jan. ’38). 2 new 1.5 m.g.d. filters have been 
provided in Edinburgh (Seot.). Each unit 236’ long, 119’ wide with area of 
3,000 sq. yds. In cleaning sand top layer is scraped off and washed in bed by 
means of a traveling sand washer. Water delivered to filter through an inlet 
well by self-acting ball valve. Rate of flow measured by water column ma- 
nometer tube. Several plansare shown. Total cost of 2 filters was £19,600.— 
Martin E. Flentje. 


Water Purification at Cork. ANon. Surveyor. (Br.) 93: 16A (Jan. 7, ’38). 
Extract of paper by M. J. Riordan presented to the Inst. of C. E. of Ireland. 
The purification consists of three stages: addition of alumina, rapid gravity 
filtration, and chloramine treatment. At times double coagulation is used 
with sodium aluminate as the second chemical. Addition of surface wash to 
the filters has many advantages.—H. E. Babbitt. 


Value of Water Treatment with Respect to Estimating and Summarizing 
Possible Savings Effected. C. P. Ricnarpson et al. Bul. Am. Ry. Eng. 
Assn, 39: 196 (Dec. ’37). Summary of reports from 22 railroads with a main 
track mileage of 96,500 and an annual water consumption of 87 billion gal. 
shows 27 billion gal. completely treated with lime—soda or zeolite, 15 billion 
gal. partial treatment with soda ash or compounds, and 45 billion gal. or 
51.7% with no treatment.—R. C. Bardwell. 


Zeolite Water Softening and Its Application to the Dairy Industry. D. C. 
JorpaNn. Proc. 10th Aun. State Coll. Wash. Inst. Dairying, ’37. Difficulties 
due to hard water in the dairy industry are described. Water softening 
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by zeolite process is outlined and advantages of soft water are discussed.— 
R. E. Thompson. 


A Directory of Water Softening Plants. Anon. Eng. Cont. Ree., 50: 
101:12 (Dec. 1, ’37) and 50: 102:14 (Dec. 8, ’37). Tabulated details, compiled 
for the Waterworks Information Exchange of the Canadian Section, American 
Water Works Association, are given. The data include, for Canada and 
U. S., the type of plant, date of installation, population served, capacity, 
and hardness of raw and treated water.—R. E. Thompson. See also ‘‘Census 
of Municipal Water Softening Plants in the U. 8.” J. Amer. W. W. Assn. 


29: 1682 (Nov. ’37). 


De-acidification of Water by ‘““Magno-Masse’’. L. H. L. aNnD 
J.J. Van Issset. Water (Neth.) 21: 221 (Dec. 3, ’37) and 21: 230 (Dee. 17, ’37). 
After a discussion of CO. removal by aeration, lime-soda, marble and mag- 
nesite author presents results obtained on an experimental filter with ‘‘magno- 
masse’. Material is claimed to have a strong neutralizing effect and at the 
same time removes iron and manganese. The basis of ‘“‘magno-masse’’ is 
dolomite burned at such a temperature that the MgCO; is changed to MgO, but 
leaving the CaCO; intact. As analysis is given: 71% CaCOs;, 22% MgO, 3% 
MgCO; and 4% impurities; it is produced in different sizes. The experimental 
filter consisted of a 36” x 7” enamel container filled with 27” of magno (17 kg.) 
of 0.75-1.75 mm. The water contained 100 p.p.m. ~HCOs, 5 p.p.m. free COs, 
42 p.p.m. CaO and 5 p.p.m. MgO, or about 2 p.p.m. aggressive COz. The 
aggressiveness of the water was increased to 18-20 p.p.m. free CO». The 
thoroughly mixed CO, bearing water was discharged onto the filter at varying 
dosages, and the filtrate tested for CO., -HCO;, “OH and ~CO; (Occasionally 
Ca and Mg). The results obtained indicate that the action of the material is 
similar to the effect of magnesite; through the activity of the MgO all free CO, 
is combined resulting in an alkaline reaction of the water; on account of the 
Mg(HCO;),. the lime-CO, equilibrium is destroyed and some CaCO; is pptd. 
on the magno grains. This continues until a thin layer of CaCO; is formed. 
As soon as this CaCO; is brought into solution by the agressive CO, and the 
film is broken the active MgO is available to bind the CO; again. In this way 
the filter rate can be chosen whereby the equilibrium is maintained. Ritchel 
(the inventor) claims that the temporary hardness increases in a definite pro- 
portion with the degree of CO. removed. The ratio is lower than claimed. 
After a run of 120 days the magno was removed from the filter, dried and 
weighed, indicating that for this particular water 120 kg. of magno were 
required to filter 1 cu. meter hr. In comparison with marble the magno 
requires a smaller installation and less construction cost. Operation costs 
for magno are about double. It is expected that for other waters the cost 
ratios are about the same. Some caking of material was encountered, requir- 
ing more frequent backwashing. Cementing was greatest near the bottom and 
sides. The ‘‘balls’’ were soft and could be easily pulverized by hand. Back- 
washing with air and water is recommended. No reduction in activity was 
noted. The alkaline reaction produced at the beginning of the filter run is 
considered undesirable (alkaline to phenolphthalein) producing a disagreeable 
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_ taste, which was changed after 40 days operation. This can be helped by addi. 


of raw water.—Willem Rudolfs. 

{ 

De-acidification of Drinking Water at Apeldoorn. J. Water 
_(Neth.) 21: 235 (Dec. 31, 37). For reduction of acidity of about 3.2 mgd. 
8 pressure filters containing marble are used. The CO, is reduced from 2] to 
0.6 p.p.m. and total hardness increased from 23 to 60 p.p.m. The increase in 
hardness caused complaints.—Willem Rudolfs. 

_ Novelties of Importance in Coagulation. Lupovico IvANIssEvicn. Bol, 
de Obras Sanitarias de la Nacion (Buenos Aires) 1: 584 (Dec. ’37). Experi- 
ments with sodium silicate, as an aid to alum coagulation, have been tried at 
the Palermo plant where Rio de la Plata water is treated for color and tur- 
bidity removal. These experiments have resulted in the production of better 
flocs and a saving of 10 to 40% of the alum formerly used. Studies by R. A. 
Trelles have shown that equally good results could be obtained by treating 
the alum coagulated water with ferric chloride. Further experiments indi- 
cate that results far superior to those given by previous combinations can be 
obtained by treating the water with silicate, alum and ferric chloride in order 
named. Thorough study is now in progress to obtain quantitative data on 
the efficiency of treatment by the Trelles triple-reagent process.—J. M. 
Sanchis. 


_ Six-Hundred-Dollar Investment Continues $3,600 Annual Savings. T. R. 
Kenpatu. Am. City. 52: 12:45 (Dec. 37). The addition of a $600 combina- 
tion mixing basin and detention channel to the Vicksburg, Miss. water works 
has produced an annual saving of $3,600 in chemical costs through increased 
coagulating efficiency. Seven around-the-end baffles in one end of a 120’ 
channel causes a violent mixing, while the remainder of the channel forms 
a detention basin for the treated water prior to entering the coagulation 
basins. There follows a description of the coagulating basins, filters and 
chlorinating and pumping equipment for treating 2 to 3} m.g.d.—Arthur 
P. Miller. 


Coagulants in Water Purification. L. C. Bituinas. Southwest W. W. J. 
19: 2:21 (May ’37). A good review of the many practices with special reference 
to operation at Dallas, Texas. Chlorinated copperas and lime are more effi- 
cient and economical coagulants than copperas (ferrous sulphate) and lime. 
Av. cost is $2.31 per mil. gal. or a saving in 30 mo. of $12,700. The raw water 
has following av. analysis: turbidity 341, max. 3940, min. 34; hardness 113, max. 
173; min. 40. Ferrous sulfate and chlorine averaged 83.8 and 9.63 lbs. per mil. 
gal. They work best with waters with high turbidities or a bicarbonate alka- 
linity of greater than 100 p.p.m. Reduction of 60 to 70% is necessary for 
good action of coagulant.—O. M. Smith. 


Iodine Dosage Installation at the Water Plant for the City of Kampen. J. 
C. Carribre. Water (Neth.) 21: 228 (Dec. 17, 37). A dose of 65 gamma of 
potassium iodide per liter is added to maintain a content of 50 gamma of iodine 
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at the points of distribution. The water is obtained from 7 wells about 435’ 
deep. Itis pumped to a reservoir and distributed without further treatment. 
The potassium iodide is dissolved 1:100 and the solution added. It is auto- 
matically mixed in two mixing basins equipped with needle valves. Experi- 
ments showed that zinc, tin, iron and copper were attacked by the iodine solu- 
tion. The piping is made of lead, agitators of copper, with glazed mixing 
basins. —Willem Rudolfs. 


Aeration and Chlorination in Novel Water Treatment. L. H. Coox. W. 
Cons. News. 13: 34 (Jan. ’38). Mineral well water successfully treated for 
removal of H.S and iron at Pittsburg, Calif., industrial city with pop. of 
10,000. Well water supply developed about ’20 is high in Ca, Mg, HS, and 
Fe. Operation of exptl. plant indicated either aeration or chlorination would 
remove H,S, filters removed iron. Plant cost $37,000. Chlorine is added just 
ahead of aeration, aeration basin 47’ x 58’ sloping from 1’ depth to 11’ at plant 
intake end and provides aeration through 20-No. 2 Sacramento type nozzles 
at less than 2 lb. pressure. Aerators protected by louvres. City pressure 
maintained by 15’ diam. standpipe 120’ high. Filters consist of 4-8’ diam. 
20’ long units, max. cap. about 3 m.g.d. Consumption ranges from 3} to 1} 
m.g.d. 95% of wash water is salvaged in basin 30’ diam. 9’ deepin which sludge 
settles and clear water issaved. Plant operation satisfactory and better than 
anticipated. 12 to 16 p.p.m. chlorine used. Lay-out diagram of plant, pic- 
ture of aeration basin and pressure filters given.—Martin E. Flentje. 


“Electric Eye’? Available for Automatic Turbidity Control. Gzorcs J. 
Turre. W. W. Eng. 90: 174 (Dec. 8, ’37). A photocell or turbidicator unit 
is mounted at the north end of the pipe gallery where coagulated water enters 
the building. The water is automatically sampled and recorded. If an in- 
erease occurs in the turbidity a gong sounds and a red light appears. The 
apparatus is described in detail with several photographs and drawings.— 
Lewis V. Carpenter. 


SANITATION AND POLLUTION CONTROL 


Progress in Sanitation in Ontario. A. E. Berry. Can. Engr., 73: 16: 
13 (37). Activities of Ontario Dept. of Health in ’36 are reviewed. As result 
of extremely hot summer and abnormally low rainfall, many streams dried up 
completely or flow was so low that water supplies of number of municipalities 
were inadequate and disposal of sewage involved unusual difficulties. Ex- 
penditure on water works has not yet approached what might be regarded as 
an average figure but interest in systems for populations of less than 1,000 is 
encouraging. There are now 284 municipalities supplied by public systems, 
population so served being 2,400,000 or 70% of total of province. Filtration 
plants number 58 and chlorination plants 137. Sources of supply are as 
follows: surface 189, wells 65 and springs 30. There has not been a typhoid 
fever epidemic traceable to a public water supply since ’29. A base exchange 
softening plant, the second softening installation in province, was completed 
at Simcoe. Provision was also made for iron removal, partly by the zeolite 
filters and partly by aeration. Raw water hardness is about 200 p.p.m. and 
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iron content 2.4p.p.m. The 134 municipal sewerage systems in province serye 
population of 2,033,000. There are 72 treatment plants of various types, re- 
mainder of municipalities disposing of their sewage by dilution. Considerable 
time was devoted to stream pollution studies.—R. E. Thompson. 


Ohio State Dept. of Health, Annual Report, Div. of San. Eng., for 36. Rf. 
H. Waring, Chief Engr., to Dr. Walter H. Hartung, Director of Health, dig. 
cussing and tabulating activities of the Division. Personnel consists of 19 
engineers, 3 plumbing inspectors, 4 sanitarians, and 7 stenographers. Sum- 
mary of all federal aid projects undertaken in preceding 3 yrs. in Ohio is given, 
—under P.W.A. 108 water works improvements were finished or are under way 
with value of $15,486,719; 88 sewerage and sewage disposal improvements 
made valued at $31,316,235. Included are 55 new water works systems in yil- 
lages previously without water works, 35 new water treatment plants and 44 
extensions to existing works. Under P.W.A. projects have included 368 water 
works improvements costing $4,326,000; 22 swimming pools, cost $677,000; 
842 sewerage and sewage improvements. Value of sanitary projects repre- 
sented by plans approved by Division during year is $15,587,448. 2 valuable 
public health engineering projects carried on, (1) sealing of abandoned coal 
mines, 9066 closures affected in ’36 by regularly employed force of 700 men, 
bringing total closures up to 15,893; (2) community sanitation program inelud- 
ing construction of sanitary privies in rural areas, 33,337 units being built 
in ’36. Review of projects, summaries of special and regular work, etc. given 
in considerable detail.—Martin E. Flentje. 


The Pollution Problem in the Ohio R. Drainage Basin. H. R. Cronunrst, 
U.S. Pub. Hlth. Repts. 53: 121 (Jan. 28, ’38). From available information on 
the Ohio R. basin pollution problem, it appears that—(1) Pollution at Pitts- 
burgh would cause nuisances during summer mos. if it were not for the effects 
of acid mine drainage. (2) While decreasing pollutional effect near the dis- 
charge point, acid drainage may be responsible for excessive pollution down- 
stream, due to delaying bacterial activity until dilution has removed the 
inhibitive action of the acid. (8) Removal of large amounts of acid, plus 
increases in sewage and industrial waste pollution, will decrease the inhibitive 
action of the acid and tend to confine pollutional effects to Pittsburgh area, 
with possible production of nuisances at Pittsburgh if sufficient acid is re- 
moved. (4) Pollution at Cincinnati, and probably at other points, has at 
times reached such a concentration, in the absence of acid drainage, that 
oxygen depletion is occurring. Future increases will be conducive to actual 
nuisance conditions along water fronts of such communities. (5) The greatest 
public health problem of existing pollution is its effect on public water supplies, 
(a) by overloading water-treatment devices to the point of passing intestinal 
disease organisms, conditions which now appear to have been approached in 
the Ashland and Ironton area most of the time and in number of other places 
large part of the time, and (b) by the production of intestinal irritants in the 
water, during long pool stage periods, which neither filtration removes nor 
usual potable water tests indicate. As pollution increases, tendency may be 
to produce such irritants more frequently during more nearly av. summer I 
flow rather than at times of extreme low water, as in the past. The solution 
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of these problems, arising mainly from the solid material, sewage bacteria and 
industrial wastes, would appear to be removal of solids by sewage treatment 
methods and bacteria by disinfection. Degree of treatment required at spe- 
cific points on the watershed or installation of necessary treatment devices 
for greatest improvement of sanitary conditions with least expenditure, can 
be determined only after more detailed information becomes available on the 
amount and distribution of pollution, and the interrelation of influencing 
factors after pollution reaches the watercourses.—R. E. Noble. 


A Statute for River Development. Anon. Eng. News-Rec., 120: 13 (Jan. 
6, 38). Extract of address by Arthur E. Morgan before the Interstate Comm. 
on the Delaware R. Basin on Dec. 10, 37. Unified river control involves de- 
termination of how best to meet the many and divergent demands on the 
stream and at the same time secure greatest total value with greatest possible 
economy and least possible waste or loss of total water resources. Water con- 
trol planning has been and must continue to be a practical process depending 
upon common sense comparisons of values, protecting potential values while 
getting as much as is feasible of present benefits. For instance, in control of 
pollution the wise course will be vigorous and aggressive action tempered by 
practical appraisal of burdens which can be reasonably imposed in preventing 
pollution. Insofar as unified, multipurpose river control is concerned, state 
lines as a rule are arbitrary lines and do not comform to realities of drainage 
areas. Effective administration on interstate streams must therefore be inter- 
state or superstate in character. Cost of local non-liquidating benefits should 
not be paid from general funds, e.g., by federal government. Such organiza- 
tions as state water control commissions, regional planning authorities and a 
national resources board would seem in general to be best for over-all planning 
and supervision. Next rational! step would be a federal law providing for 
organization and administration of federal interstate water-control districts, 
directors of which would prepare plans, appraise benefits and allocate costs, 
subject to judicial review. Provisions of such a federal water-control statute 
are outlined.—R. E. Thompson. 


Orders to Cease Pollution Issued by Indiana Health Department. ANon. 
Eng. News-Rec., 119: 833 (Nov. 18, ’37). Indiana State Health Dept. has 
ordered Gary, Hammond, E. Chicago and Whiting to cease polluting Lake 
Michigan, the Little and Grand Calumet Rivers and the Indiana Harbor ship 
canal. The municipalities have agreed to comply with order but stated that 
they were unable to finance construction, estimated to cost $5,000,000- 
$6,000,000. Indiana law provides that state department must issue second 
order. Cities will then have 30 days in which to start corrective measures. 
An effort will be made to create sanitary district. South Bend is appealing 
order on basis that city’s bonding power is inadequate for the raising of 
$3,000,000 to $5,000,000 necessary for construction of a sewage disposal plant. 
—R. E. Thompson. 


Watershed Control and Protection. W.R. Spencer. Southwest W. W. J. 
19: 4: 11 (July ’37). A review of regulations in effect in United States and 
Canada many of which are given. The public when permitted to speak its 
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views objects to the general recreational use of watersheds and reservoirs — 
M. Smith. 
2 


nt t Progress Being Made by Federal or State Authorities on Regulations Pertaip. 
ing to Railway Sanitation. H.W. Van Hovenserc etal. Bul. Am. Ry. Eng. 
Assn. 39: 202 (Dec. ’37). The Joint Committee on Railway Sanitation com. 
posed of representatives from the Engineering, Mechanical, and Medical and 
‘Surgical Divisions of the Assn. of Amer. Railroads, and the U. 8S. Publie Health 
Service have published a bulletin on “‘Sanitary Handling of Water and Ice on 
or around Railroad Cars’’ and ‘‘Sanitation in Connection with Car Toilets, 

- Lavatories, Coachyards, etc.’’, which is quoted in full. This circular ig jp- 
tended for the use of those directly in charge of, or those actually doing this 
class of work on railroads and includes precautions on use of certified water, 
handling of hydrants, hose, and filling connections, drinking water receptacles, 
toilets, lavatories, and refuse disposal. Only water from a source approved by 
the U.S. P.H.S. can be used. Hydrants should have proper drainage. Water 
hose, nozzle, filling connections should be flushed carefully before using. Car 
water systems, coolers, filters, and buckets must be kept clean and disinfected 
when necessary. Car toilets should be locked after cleaning and provided with 
soil cans when car is parked. Metal garbage and trash cans are recommended 
for refuse disposal.—R. C. Bardwell. 


Hotel Industry Hygiene. F. Dacurtn. Technique Sanitaire (Fr.) 32: 295 
(N ov. 37). Generally cities provide pure water, but it is often contaminated 
in the course of distribution or by faulty hotel installations. Purification 
absolutely necessary when water is polluted by wastes or coming from private 
wells which may become polluted from ground water. However, well water 
and river water may be used if hotel has expert technical advice. Purification 
by pressure filters is considered best. Water that is too hard causes trouble 
in boilers, the laundry, and the kitchen. Too much soap used and vegetables 
badly cooked.—Willem Rudolfs. 

Metropolitan Water Board (London), 3lst. Chemical and Bacteriological 
Report for Year Ending Dec. 31, ’36. C.H.H.Haroup. 117 pp. P. 8. King& 
Son, Great Smith St., Westminster, London. 10 shillings and sixpence. Av. 
daily water supply was 287.7 mil. gal. and 96.5% of samples were negative to 
typical Esch. coli in 100 ml. This year sees completion of terminal chlorami- 
nation of entire river-derived supply, making such waters 98.7% first class 
samples. Work of dept. has comprised 19,747 bacteriological samples, using 
407,235 tubes of media and 15,328 chemical and other samples. In investiga- 
tions of coli-aerogenes group, Indole, Voges-Proskauer, Methyl-Red and 
Koser tests have been fully exploited and Barritt’s alpha-naphthol modifica- 
tion has been found to render V.P. test more delicate. In this modification 

0.5 ml. of 6% alcoholic solution of alpha-naphthol and 0.5 ml. of 16% causti¢ 
potash are added to 1 ml. of culture, a bright cherry-red color appearing within 
5-15 min. after shaking. Fleming’ s medium for ——— test has defi- 
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nite advantages since by both drying and heating methods (see 25th. and 26th. 
An. Rpts.) large proportion of streptococci are lost. This medium contains 
potassium tellurite 1 in 15,000 added as sterile solution, this substance inhibit- 
ing gram-negative organisms. Two methods, direct plating on agar tel- 
lurite and enrichment in tellurite broth, are described. Trials with Szper’s 
medium for isolation of Bact. typhosum and Bact. paratyphosum B. gave 
results which were most promising, since quite reasonable volumes of polluted 
water may be used in an enrichment medium, and complicated precipitation 
and centrifuging technique is obviated. Composition of medium is given 
and also results, which compare favorably with those given with Wilson and 
Blair’s medium. In Biological section study of conditions attending algal 
eyeles is described, and relationship of phosphate and silica content to algal 
abundance has been specially examined, particularly employment of varying 
seasonal depth of draft and general working of reservoirs in order to reduce 
nutrient salts. Stratification of reservoirs giving fungal growth and offensive 
water has been studied and installation of electrical thermometers giving warn- 
ing of such conditions has been justified. Presence of species of freshwater 
shrimp Eucrangonyz gracilis, new to British Isles, is recorded and illustrated. 
In Chemical section, in addition to normal water tests, phosphate and silicate 
determinations have been made on all waters regularly. Phosphate deter- 
mination is colorimetric using molybdate and stannous chloride, artificial 
standard of indigo-carmine, cobalt nitrate and sulfuric acid being used. Re- 
agents and standards are given in detail. Action of metals on base exchange 
softened water was studied; with zinc, action of softened water was consider- 
ably greater than with unsoftened; with copper, action in each case slight, but 
greater with unsoftened water. Taste imparting properties of various bitu- 
minous coatings for water mains were investigated on laboratory scale, using 
glass tubes coated internally with mixture and passing water through for 
three months; also on larger scale using cast iron piping. Determination of 
copper and iron in various brands of peptone showed copper 0.001-0.016% 
and iron 0.005-0.040%. An apparatus for turbidity estimations, based on a 
photo-electric cell is fully described and illustrated, and turbidity standard 
of sacchrated iron carbonate has been abandoned in favor of A.P.H.A. silica 
standard. Effect of color on turbidity measurements has been investigated 
and graphed. Extension of laboratory results to field trials has proved that 
biological processes supported by storage and backed by chemical aids gives 
water 70-99% bacterial purity. Combination of primary and secondary filters, 
chloramination assisted by activated carbon and coagulants have proved of 
undoubted benefit. Chemical treatment alone does not always ensure taste- 
less water since such waters tend to lose life and with summer temperatures 
acquire taste. Chlorination has developed so that there are in general use 
36 chlorinators delivering to 28 points and 23 ammoniators treating at 45 points 
of application. In all, over 300 mil. gal. of water are chlorinated daily. Lon- 
don has 55 chalk wells as sources of supply and past records show that first 
evidence of deterioration of quality, even before increased count, is appearance 
of atypical coliforms. When atypicals are becoming prevalent delay of pre- 
ventive measures is absolutely indefensible. Effect of drought on purity of 


well waters, is dealt with. 
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During year ’36 there were only 199 officially recorded complaints or 0,0026% 
of the population served, and of these complaints 42 were confirmed after 
investigation. Prior to treatment of water in Queen Mary reservoir with 
copper excessive rises of fly Chironomus were noted, but since copper treat- 
ment only single annual spring rise of fly observed. 

Chemistry and nature of soil in which pipes are laid are important factors 
affecting life of mains, with cast iron trenched in clay corrosion. resultg ip 
iron disappearing into solution leaving carbon behind. Conditions noted jn 
M.W.B. area agree with theory that in absence of oxygen in wet clay anaerobes 
of Vibrio desulfuricans type break up sulfate in soil forming sulfuretted hydro- 
gen and oxygen. Electric action in pipe causes iron to go into solution at 
anode and to be converted into iron sulfide in clay surrounding pipe. Hydro- 
gen from cathode combines with oxygen produced by organisms, thus depo- 
larising cathode and leading to progressive bio-electro-chemical action. 

In connection with construction of new laboratories certain important 
centers in United States and Canada were visited and these visits are described 
in the report and the Director’s thanks for courtesy and hospitality are 

ree. 
Editor’s Note:—The last annual report of the Metropolitan Water Board pre- 
vious to the above, that for the year 1935, was abstracted in this Journat, 
29: 751 (May ’37). In that abstract the report was incorrectly designated as 
being for the year 1936. 


Water Supplies in China. F. W. G. CuarKx. Civ. Eng. (Br.) 32: 441 
(Dec. ’37). Extract from paper before the Junior Institution of Engineers. 
The water supply of Tientsin is drawn from wells, pumped by air lift pumps, 
and is of sufficiently high quality to be delivered, untreated, to the consumers. 
—H. E. Babbitt. 


_ Waters and Waste Waters. M. Dienerr. Technique Sanitaire (Fr.) 32: 
251 (Oct. ’37). In planning a water system only water bacteriologically and 
chemically pure should be employed, with low calcium, iron and manganese. 
Fluorides should not be present and goitre prevented; aggressive water 
treated. In France the choice of sources in general is limited to springs, shal- 
low wells, and artesian wells. No underground reservoirs and but few lakes 
and rivers are available; canals are too polluted and most surface waters are 
contaminated. Generally the water is filtered and often treated chemically. 
Analysis should be made often; private wells abandoned; all wells covered and 
surrounded by a protected zone to prevent contamination. The disposal of 
waste water (sewerage) is equally important. For individual cases cesspools 
are best. Sewer systems should be constructed in all communities of any 
size. Small country communities usually content themselves with open 
gutters, and the sewage is allowed to spread out on the ground and purify 
itself; these should be replaced by cesspools. Abatement of river pollution 
cannot be over-emphasized. The State should aid the 25,000 communities 
without water systems, to obtain them. A proper sewer system complements 
_ this and is equally important. In the discussion, the ecemeaah: pollution 
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of surface waters and contamination of water supplies by poor sewer systems 
was brought out. Of 400 municipalities in some of the provinces there are not 
3 good water systems; this is all based on false economy. No adequate inspec- 
tion services are set up in many provinces; public health organizations are 
poorly organized.—Wallem Rudolfs. 


Water Supply of the World Jamboree, 1937. B. F. Van Nigevetr. Water 
(Neth.) 22: 1 (Jan. 14, 38). Description of water supply for boy scout jam- 
boree held at Vogelenzang Camps. The provincial water supply took care of 
the needs which amounted to about 240,000 gal./day. The expected consump- 
tion was 25 liters (6.6 gal.) per capita per day for 28,000 scouts and leaders, 
plus about 30% for public and general uses. The average consumption agreed 
with this quite well, but the variations were from about 40% to 170% of the 
average. Some 850 taps were available (including 166 individual showers). 
Water was delivered for half the normal price or about 20¢ per 1000 gallons. 
Cost of construction for 6600’ (10”) pipe and 7500’ distribution pipe was about 
$11,250.—Willem Rudolfs. 


Provincial Water Supply for North Holland. Annual Report, ’36. Water 
(Neth.) 22: 23 (Jan. 14, 38). After 16 yrs. operation the 100,000th. connection 
was made; total connections 100,316 or an increase of 2.1%. Water delivered 
amounted to 3,643 mil. gal.;income about $1,250,000. In addition to four dune 
supplies several localized deep wells were used. Total length of main lines 
about 1208 mi.—Willem Rudolfs. 


A Water Supply System on the Continental Divide. ANon. W. Cons. News. 
12: 489 (Dec. ’37). Expansion program for company owned town of Climax 
Molybdenum Co. of Colo. on Moly Mt. from which 90% of world supply of 
molybdenum is taken called for construction of several hundred homes, 
sewer system, filtration plant, res., collection ditches, siphons, pumping plant, 
storage tank, tailings disposal and additions tomine. Mills and mines located 
at elev. 12,000, above Fremont Pass. Res. 3} mi. from town at elev. 10,800, 
called Robinson Lake Res., has an earth fill dam 1341’ long at crest with max. 
height of 95’ above foundations. Cap. 2000 acre ft. with drainage area of 
0.83 sq. mi. which does not include supplementary drainage ditches. Drain- 
age system contains 21,200’ of ditches used to augment supply. Water pumped 
back against static head of 616’ to 1 mil. gal. steel tank in Climax through 20” 
welded steel plate conduit encased in reinf. concrete. Construction of filter 
plant to be finished in ’38.—Martin E. Flentje. ; 

Development of the Ground Water Supply of the City of Dayton, Ohio. W. 
W.Morenovuse. J.N.E.W.W.A. 51: 219 (Jun. ’37). Water plant of Dayton 
serves total of 250,000 consumers. Since Mar. 1870, Dayton water works has 
changed from large central wells with supply trenches, infiltration galleries, 
and occasional use of raw river water, to supply with 137-8” wells with a capac- 
ity of 26 m.g.d.in’25. Later a 600 acre tract of land bordering on Mad River 
for 2} mi. was purchased and an 84” precast concrete pipe conduit constructed 
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Wells developed in this tract are 38” diam. of gravel well type, 7 being cop. 
structed with a capacity of 10 m.g.d., 60’-90' deep. In opinion of author too 
large pump should not be installed in new well and on gravel type wells ag 
coarse screen used as is possible. Distribution system consists of two pressure 
zones, one for lower part of city with station pumping head of 185’, the other 
for hilltop service with 350’ head. System contains 3-10 mil. gal. covered 
reservoirs, 4-900,000 gal. standpipes, 1-1 mil. gal standpipe, and 1-90,000 gal, 
standpipe.—Martin E. Flentje. 


ar Trans-Mountain Water Diversion for Denver. ArrHur A. Marrupys. 
Am. City. 52: 11: 58 (Nov. ’37). A limited quantity of water from present 
- sources forced Denver, Colo., to seek additional sources to the west of the 
_ Continental Divide. There, on the headwaters of the Fraser R., a drainage 
~ area of 100 sq. mi. exists from which will be diverted 100,000 acre-ft. of water 
- annually. The8’ x 10’ pioneer bore of the Moffat Tunnel was leased by Denver 
_ in ’29 and considerable money spent on its repair and maintenance until ’34 
_ when the P. W. A. was asked to help bring this tunnel into regular use for secur- 
ing Fraser R. water. From then through ’36, P. W. A. supplied over $9,000,000 
to prosecute this work. Tunnels, dams, flumes, canals and pipe lines were 
involved in this undertaking. About one-half of the water secured will be 
a diverted to the Platte R. in exchange for water from that river taken into the 
city’s reservoirs. The other half goes to the new Moffat 56 m.g.d. rapid filter 
plant. Diversion from this new source is not practicable in the winter time, 
- but in the summer it will supply the maximum and also help create a winter 
reserve in the new Ralston reservoir.—Arthur P. Miller. 


Salt Lake City Voters Approve Provo Water Plans. ANon. Eng. News-Rec., 
«119: 962 (Dec. 9, ’37). By an overwhelming majority, citizens of Salt Lake 
City on Nov. 22 decided that Metropolitan Water Dist. should participate in 
Provo R. federal reclamation project to obtain annual supply of 50,000 acre-ft. 
and directed district to contract with federal government for acquisition and 
_ construction of aqueduct to bring water from Deer Creek Res. to city’s supply 
mains. Deer Creek Res., which will be created by earthfill dam 155’ high and 
1400’ long, will have capacity of 150,000 acre-ft. As there is no excess flow 
in Provo R., all water for reservoir will be brought from Weber and Duchesne 
_ Rivers, from former by enlarging existing diversion canal and from latter by 
- eonstruction of 5.5-mi. tunnel. Present plans for Salt Lake Valley aqueduct 
call for 150-sec. ft. concrete conduit, 72” diam. and 40 mi. long. Cost of Provo 
project is estimated at $7,139,000 and of aqueduct at $5,550,000.—R. &. 


_ Additional Water Supply for the City of New York. Water E. Spear. 
_J.N.E.W.W.A. 51: 227 (Jun. ’37). In 20 yrs. since Catskill water has been 

delivered to N. Y. City water consumption has increased from 585 to 1000 
: m.g.d., population from 5,400,000 to 7,364,000. Estimated safe yield of present 
_ supplies is 1,039 m.g.d., in ’34 water use was 978 m.g.d., in ’35 —970 m.g.d. 
and for first 8 mo. of ’36 av. reported rate was 28 m.g.d. above corresponding 
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supply. Following court litigation city was authorized to take 440 m.g.d. 


Delaware River watershed to be most advantageous source for additional Be 


from this watershed under certain conditions. In ’36, $17,500,000 was appro- — 


priated for acquisition of real estate, construction of shafts of the Delaware 
aqueduct from the Rondout Res. to Hill View Res. near city and preliminary 


work on first necessary dam. Delaware project comprises development of Fi 


Rondout Creek, a tributary of Hudson River; development of Neversink River s 


and the East Branch of the Delaware River; construction of an aqueduct to 


the West Branch Res. of Croton watershed to pick up high-level Croton water 


and thence to city. Estimated yield from Rondout Creek is 100 m.g.d., of 2 


Delaware River tributaries 440 m.g.d. Main Delaware aqueduct from 
Rondout Res. to Hill View Res. near city will be 85 mi. long. Estimated cost 


of first stage of Delaware project is $210,000,000 and will require 7-8 yrs. to * 


deliver first water to city; total project cost is estimated at $272,000,000.— \ 


Martin E. Flentje. 


Water Supply and Town Planning. G. H. Tuisexrton-Dyrer. Surveyor 
(Br.). 92: 699 (Dec. 3, ’37). (Extract from paper read at Public Works and — 


Transport Congress.) The height to which new buildings may be constructed _ 


is regulated in planning schemes, and the water engineer hasinformation which | 


enables him to provide water at sufficient pressure to serve high buildings not _ 


only for ordinary requirements but also for protection against fire. There 
appears to be a tendency to emphasize the case of upland catchments and to — 
overlook the fact that every source of water supply has a catchment some- 


where. Water authorities long ago gave up any idea of sterilizing catchment _ 


areas and now the general practice is to subject such waters to treatment * 
with a number of lines of defense. In making provision for water for industries _ 


water authorities may possibly concentrate unduly on providing water of a 


drinking quality standard. Some industries do not require such water. The & 
use and re-use of water before it is discharged finally to the sea is likely to — 


become more common in the future.—H. E. Babbitt. 


Water Sanitation and the Planning Movement. S.M.Euusworts. Boston 
Soc. Civ. Eng., 24: 293 (’37). With increasing public support being given to 
planning movements, it seems evident that planning specialists, boards and 
commissions are to play an important part in the future development of this 
country. Stimulation of public interest in, and support of, needed water- — 
sanitation projects is all that is required to make the next few years a period 
of outstanding activity and accomplishment. First major accomplishment in 
water planning on national scale was the report of the Water Planning Commit- 
tee of the National Resources Board, completed and published about two years 
ago. This report was essentially an inventory and statement of condition as 
regards water resources of the country. National water planning has been 
continued by the Water Resources Committee of the National Resources Com- 
mittee. Considering the Committee’s recent report as a first step, it would 
seem to be an outstanding contribution to water planning. Obviously, if the 
greatest benefits are to be derived from the work already accomplished by the 
National Resources Committee, some provision should be made for its con- 
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tinuation and expansion. It would seem essential to best interests of all that 


the profession of water sanitation outside of official circles be so organized ag 
to have an effective influence in future of water conservation.—G. C. Houser, 


Extra Water Demand for Air Conditioning. ANon. Eng. News-Ree. 19: 
241 (Aug. &, ’37). Study made public on July 24 by Marketing Research Diyj- 
sion of Department of Commerce in report entitled, ‘‘Effect of City Water and 
Sewerage Facilities on the Market for Air Conditioning Equipment,” states 
that installations of air conditioning units had increased about 1,400% from 
1933 to end of 1936. Of 92 cities reported upon, 38 had taken steps to limit uge 
of such equipment or were considering doing so. Water and sewerage systems 
of many cities are not of sufficient capacity to meet the additional demand 
created thereby.—R. E. Thompson. 


Water for Air Conditioning Demand Overestimated. R. S. Tuursroy, 
W. W. Eng. 91: 16 (Jan. 5, ’38). Water needs of air conditioning include water 
for humidifying, air precooling, and condenser cooling. In a 15,000 cu. ft. 
home, the humidifying requirements in zero weather would be about 18 gal. 
per day. Probably the av. daily requirement for such a home throughout 
the winter would be about 40 to 60 gal. Water requirements for precooling 
average from 3 to 5 g.p.m. per ton of refrigeration accomplished by the pre- 
cooling water. A ton of refrigeration is equivalent to 12,000 B.t.u. per hr, 
Water for precooling is generally utilized in cooling the condenser of the 
refrigerating machine. The normal water requirement for condenser cooling 
averages approximately 60 to 100 gal. per hour per installed condensing unit hp. 
The av. air conditioning system uses water for condenser cooling about 750 hrs. 
per year. Author discusses in detail the Dept. of Commerce report entitled 
“Effect of Water and Sewerage Facilities on the Market for Air Conditioning 
Equipment.”’ An error in the bulletin states that the average water consump- 
tion per installed hp. was “‘100 g.p.m.”’ instead of the correct figure of 100 gal. 
perhr. The author feels that the water needed by air conditioning equipment 


will not be as great as the report indicates.— Lewis V. Carpenter. - 


FINANCING AND ACCOUNTING 
Water Works Construction Financed by PWA Funds. Anon. Eng. News- 
Rec. 119: 73 (1937). More than 52% of water works built during past 4 years 
received financial assistance from the PWA, according to special report by 
PWA project division. It was pointed out that: (1) Average population of 
communities which obtained assistance toward construction of new or im- 
provement of old water systems was 940. (2) Average cost to community was 
$33,175 per plant, or $35.29 per capita. Engineers declare that this is far below 
usual average cost, which ordinarily runs from $60 per capita up. (3) PWA 
water works projects provided for installation of 457 reservoirs, 940 storage 
tanks, 105 dams, 1,149 wells, 1,077 pumping plants, 465 water treatment plants, 
146,298 house connections and 22,948 fire hydrants.—R. EH. Thompson. 


Seven Ways to Finance Water Supply Improvements. ArrHur W. CoNsogR. 
Eng. News-Rec. 119: 96 (1937). With cessation of governmental grants, many 
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cities are exhibiting marked inertia in carrying out needed improvements. 
Following methods are available for liquidating water supply programs: 
(1) Leakage survey will frequently effect sufficient savings to pay interest 
and principal on revenue bonds. At Park Ridge, Illinois, recently, night rate 
was reduced from 980,000 to 380,000 gallons per day, saving $40 per day. City 
is now proceeding with $175,000 improvement program without increasing 
taxes or water rates. (2) Additional feeders, loop mains, etc., will often reduce 
pumping costs sufficiently to pay for the distribution system improvements. 
(3) Sale of water at wholesale rates to nearby towns. (4) Improvementsin 
pumping station equipment will frequently prove to be self-liquidating. 
(5) Study of pressure conditions throughout distribution system will often 
disclose possibilities of operating economies by skilful varying of initial pres- 
sures. (6) Soap savings will frequently finance municipal softening plants. 
(7) Iron removal plants will often effect large savings in labor and water used 
for flushing mains.—R. E. Thompson. 


How Stratford, Ontario, Handles Its Water Works Accounts. A. B. Man- 
son. Eng. Cont. Rec., 50:89; 9 (1937). Water works of Stratford is controlled 
by Public Utilities Commission, which also operates electric department and 
gas department. Water Works has 4,500 customer accounts, of which 93% 
are metered. Department lays services to street line. All meters are the 
property of the commission and no rental or service charge is made for }” size: 
graded rental charge is made for larger sizes. Complete record is kept of his- 
tory and movements of every meter. Residential accounts are billed bi- 
monthly and commercial accounts monthly, due dates being arranged 4 to each 
month. Reader covers approximately 200 meters daily, about 90 each of elec- 
tric and water and 20 gas meters. Accounting system employed is bill and 
ledger plan, utilizing billing machines. Consumers are notified immediately 
of abnormal readings. All bills are delivered by hand unless mailing is 
requested. Deposits are required from all commercial customers who are 
tenants and from domestic consumers whose credit is unproven or unsatis- 
factory. —R. E. Thompson. 


The Same Man Bills on Even Months and Posts on Odd Months. L. A. 
SmitH. Am. City. 52: 11:63 (Nov. ’37). In Madison, Wis., water bills are 
rendered semi-annually, the billing being done on the odd-numbered months 
and the posting on the even-numbered ones. Billing and addressing equip- 
ment and billing and collecting methods and procedures are described.— 
Arthur P. Miller. 


Classification of Water Service Material. D.A.Sreetetal. Bul. Am. Ry. 
Eng. Assn. 39: 208 (Dec. ’37). Due to methods used by railroad supply depart- 
ments in keeping accounts, it is not possible to determine the actual cost of 
water service material used although figures from the reports filed with the 
Interstate Commerce Comm., which include labor and power as well as mate- 
rial and water purchased, indicate a total annual expense for railroad water in 
excess of $25,000,000. Attention is called to the allocation of various water 


service materials in classifications entirely foreign to this work. Complete 
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ee list of material classifications in which principal items of water service mate. 
__ Fials are included, as recommended by the Purchases and Stores Div., Asgo- 
Ciation of American Railroads, is given.—R. C. Bardwell. 

Lec 
_-‘The Cost of Fire Protection Built into Water Works. H. R. F. Hetuanp, 
bir: _ The American City, 52: 9; 69 (1937). Savings which would result in fire. 
=  —_ rates in Texas because of contemplated improvements in fire- 
fighting facilities can be readily computed. This is due to the unique prae- 
— tiee i in this state of grading a municipality’s fire insurance rate according to the 
Se of fire-fighting equipment and the amount of fire losses. This article 
_ ‘proves, by comparing the additional cost of adding fire protection to a domestic 
water work’s initial cost and the savings resulting from reduced insurance 
~ rates, that, in five small Texan towns, the extra cost of fire protection was 

ae amply justified.—Arthur P. Miller. 


. Auxiliary High-Pressure Water System for Fire Protection in San Francisco’ 

_ Anon. The American City, 52: 9; 71 (1937). The San Francisco (Calif.) 
Ee 21 water resources for fire protection consist of four reservoirs totaling about 12 
mil. gal. producing a pressure varying from 130 to 137 lbs. per sq. in.; 180 cis- 
terns with capacities varying from 20,000 to 75,000 gal.; 2 salt water pumping 
stations and two fire boats which can pump salt water into the pipe network, 
. See pools and lakes are provided with connections for pumping engines, 
«Arthur P. Miller. 


Tanks for Water Service in High Buildings. H.E.Haurin. J.N.E.W.W.A, 
--‘ $1: 273 (Sep. ’37). Water service tanks may be divided into several classes: 
; _ (1) tanks at or below grade, (2) elevated, (3) pressure, and (4) process water 

- tanks. Receiving tanks are located inside building and are from 500 to 5000 

gal. cap. Chicago Health Dept. recommends these to be of adequate size, 
open to atm. pressure, provided with overflow pipes at least one pipe size 
larger than inlet and not directly connected to sewer or drain. Suction 
tanks usually of 10,000 gal. cap. and larger either outside or in, should be 
equipped with filling device which prevents back siphonage. Cisterns are 
not readily accessible for inspection and are open to suspicion because of 
masonry construction below grade. If used should be watertight with 
screened vent to atmosphere. If roof is a floor, should have raised manhole 
with self closing cover to avoid entrance of surface wash. In some cities 
elevated tanks may not float on system but must be filled through separate 
lines, although this appears of no additional health benefit if piping arrange- 
ment is otherwise safe. About the only possible contamination in pressure 
tanks is the drain connection; this should not be directly connected to sewer. 
Tanks used to store both potable and unapproved water should be open to 
atm. pressure and the potable water supplied above max. level of water in 
tank.—Martin E. Flentje. 


DISTRIBUTION—TANKS AND MAINS 


Steel Tank Moved 12.3 Miles in 2 Hours. Anon. Ry. Eng. & Maint. 34:34 
(Jan. ’38). The Chicago, Rock Island and Pacific Railroad moved a standard 


i 


i, 4 
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conical-bottom, 50,000 gal. steel tank on 20’ frame 12.3 mi. to a new location — 
near Burlington, Colo., in 2 hrs. Tank was moved intact except for removal 
of lower ring of riser pipe. The legs were braced, jacked off foundation, and 
placed astride a gondola car filled with sand to maintain a low center of _ 
gravity. Car was moved over 12 mi. to new location and jacked directly on _ 
to new foundation. Labor involved was 1259 man hrs.—R. C. Bardwell. 


= 


Leakage Between Staves. W.C. Harman ann J.P. Hanuey. Ry. Eng. & 
Maint. 34: 41 (Jan. Leakage between staves of wood tanks is caused by 
improper handling at time of erection or by drying and shrinking during 
periods of low water. Sawdust or other floating filler may be used beneficially ‘y 
as a temporary correction but calking with oakum or coating with leak pre- 
vention compound may be necessary for permanent relief if the staves do not 
swell and take up satisfactorily.—R. C. Bardwell. 


Flexible Under Water Mains. Anon. Engineering (Br.) 144: 723 (Dec. _ 
24, 37). A system introduced by Siemens and Halske A.G., Berlin (Ger.), _ 
involves an armored submarine cable, interior lead pipe being employed in 
sizes up to 11 cm. internal diam. The pipe can be coiled on a drum and laid by 
being paid out over the end of a barge. One thousand ft. have been laid ina 
depth of 50’ in a matter of minutes. A submarine trench excavator has also 
been introduced. It consists of a bent trough in which the flexible pipe is laid 
and on the underside of which are a number of jets supplied with water under 
pressure. The appliance is drawn along the bottom and the action of the jets — 
causes it to work into the mud or sand, carrying the pipe with it—H. EZ. 
Babbitt. 


Installing a Flexible-Jointed Pipe under a Creek. B. J. FEITELSON. — 
Pub. Wks. 68: 12: 17 (Dec. 37). To insure watertightness in an unusual water | 
crossing, N. Y. City Water Bureau designed and used special ball and socket _ 
joint with spherical radius of ball of 13”. This was held in place by approx. _ 
100 Ib. of lead to each joint and occupying a depth of 5}4”. This permitted _ 
laying a 20” main across Fresh Kills Creek in Richmond borough, N. Y. City; __ 
a navigable stream with about 5’ of soft mud bottom under which pipe was to 
be laid with 12’ of fill. In laying, a trench was dredged and entire pipe line 
assembled on one bank and pulled through trench to other bank. A special _ 
casting having both regular and flexible joints was used to connect crossing to _ 
regular main on each side. Line subjected to hydrostatic test of 125 lbs. for 
20min. Several small leaks were repaired by diver and leakage specifications 
of 4 gal. per linear ft. of pipe joint per 24 hrs. at 125 lb. pressure met.—Martin 
E. Flentje. 


Water for the Fair. Brensamin Eisner. W. W. Eng. 90: 1732 (Dec. 8, ’37). 
N. Y. World’s Fair will open in ’39 and the water system must be completed © 7. 
long before. The pressure will not fall below 45 lbs. The supply mains will — 
be either 20” or 48” and be built of either cast iron or steel. These mains will 
be supported on piling in a large number of places. All mains 12” or smaller, 
under existing contracts, are to be constructed of Transite pressure pipe. 
System will cost $365,000.—Lewis V. Carpenter. 
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Transite Pipe. Grratp W. Biakety. J.N.E.W.W.A. 51: 317 (Sep. ’37), 
Transite is a very strong, durable, non-metallic asbestos cement product 
fabricated under pressure, made in U. 8. since 1900 in flat and corrugated form, 
Among foreign trade names are Eternit and Italit in Italy, and Everite ip 
Great Britain. Durable nature due to intimate mixing, character of raw 
materials,—asbestos and cement, and forming under pressure. Made of 15% 
by weight of asbestos and 85% cement. Each length of pressure pipe and each 
coupling is tested at plant hydrostatically to at least double working pressure, 
Flexural tests are made on pipe sizes up to 8” diam. Made in sizes from 2” 
to 36” inclusive and for 4 working pressures 50, 100, 150 and 200 lbs. per sq. in., 
and in standard lengths of 13’ for sizes down to 4”, below 4”-5’ lengths are 
furnished. Simplex couplings used, consist of sleeve of Transite providing 
just enough space outside of the machined end of pipe to squeeze the rubber 
rings of coupling to $ original thickness. On one end of coupling an internal 
taper is provided to allow rubber rings to enter an annular space between pipe 
and coupling when latter is drawn lengthwise along pipe toward joint. Rub- 
ber rings of very high quality used; for pipe from 4” to 12” diam., ring cross- 
sectional diam. is 0.55”, for larger pipe diam. increases up to 1.00” for 36” pipe. 
Pipe is tapped in accordance with regular waterworks practice. On Feb. 
26, ’37 Underwriters Laboratories Inc. granted their recommendation No. 
Ex. 1251 of Jan. 20, ’37 for the use of Transite Pipe, Class 150, in public and pri- 
vate water works and fire-service systems.—Martin E. Flentje. 


North Western Lays 64 Miles of Transite Pipe. ANon. Ry. Age. 102: 
902 (May 29, ’37). The Chicago & North Western Railway has installed 
63 mi. of 14”, Class 150, Transite pipe from the Chicago city limits to its freight 
terminal at Proviso, Ill., in order to secure Lake Michigan water to replace 
supply formerly obtained from 8 wells from 1200’ to 2050’ in depth. The 
line crossed 1.3 mi. of water-filled swamp and 23 subway bridges. In general, 
pipe was laid with a minimum 5’ cover and was insulated at the subway cross- 
ings and at bridge over Des Plaines R. Concrete anchor blocks were installed 
to care for horizontal thrusts at bridges and crossings. 2 pumping plants are 
used with automatic control, as City of Chicago requires complete break 
between its water system and that of the railway. The pumping plants, one 
of which is located at the city connection and the other at midway point, per- 
mit lower line pressure and reduce the demand charge for electric power. 
General plan and photographs are shown.—R. C. Bardwell. 


Transite Pipe River Crossing at Scituate, Mass. Frank A. MARsTON: 
J.N.E.W.W.A. 51: 299 (Sep. ’37). To supply Humarock section of Scituate. 
1000’ of 10” pipe was laid across tidal South River, 550’ to be laid below high 
water and of which 180’ was under water at low tide. 10”, Class D, Transite 
pipe in 13’ lengths used, in corrosive soil consisting of sand and gravel mixed 
with saltmarsh muck. Special flanged joints were used to develop tensile 
strength in pipe line as a whole. In laying under water portion pipe was 
securely fastened to a 2” x 4” spruce cradle approx. 300’ long and whole assem- 


ar, BR). The Chicago rete 


= 
ve 
he 
= 
|. 
= 
= 
re 
= 
Be 
i 


you. 30, NO. 3] ABSTRACTS OF WATER WORKS LITERATURE 545 


bly, weighing about 73 tons, slowly pulled into place in a3’ deep trench. When 
tested at 25 lb. per sq. in. line showed no leakage. Each length of pipe was __ 
then weighted by diver with sacks holding 2 cu. ft. of 1:2:4: mixture concrete __ 
and trench backfilled. Entire line tested after laying at pressure of 100 lbs. _ 
per sq. in. for 2 periods of 30 min. each. Leakage for 506’ flanged pipe with _ 
§ Mineralead joints in c.i. pipe and one Ross regulator valve was only 0.282 gal. 
jn 30 min., less than 10% of max. leakage allowed in specifications. Total cost — 
of river crossing was $6,135.—Martin E. Flentje. ; 

the 

Pans: SERVICES, METERS AND CORROSION vhaahity — 


Cambridge University and Town Waterworks Co. New Workshops and Depot. _ 
Porreous. Wtr. and Wtr. Eng. (Br.). 39: 607 (Dec. ’37). Iltustra- 
tions, plans and description given of new workshops officially opened Oct. 22. _ 
Equipment on hand to test company’s 1500 meters, up to4” diam., every 3 yrs. | ; 
By-law is to be adopted making compulsory the testing of all taps, flushing — 
cisterns and hot water tanks and it is anticipated 25,000 annual tests of this 
type will be made.—Martin E. Flentje. 


A Visit to the Lynn, Mass. Shops. N. N. Wo.rert. W. W. Eng. 90: 1796 
(Dec. 26, 37). Cement lined pipe is used for services and all fittings are lead 
lined to give a continuous lined waterway from the main tothe house. Author 
describes in detail method and charges for installation of services and meters. _ 
Detailed lists of equipment are given and sample work and record orders are __ 
shown.— Lewis V. Carpenter. 


Electrolytic Corrosion of Lead Pipe by the Action of Galvanic Currents. 
J.G. Fornes. Bol, de Obras Sanitarias de la Nacion (Buenos Aires). 1:625 
(Dec, ’37). Elaborate surveys made in city of Rafaela have shown that gal- 
vanic currents, generated by the contact of unprotected cast iron mains with 
lead service pipes and moist soil, are mainly responsible for severe corrosion 
observed on lead piping. Of all other possible sources of electric currents, 
d. c. installations were the only ones found to contribute to the current flow. 
This effect was between 5 to 10% of the current carried by the pipes and 
varied in direction at different locations increasing the current flow in some 
cases and decreasing it in others. The galvanic currents always travelled from 
the cast iron main to the lead service pipe leaving the lead pipe at a point 
beneath the sidewalk, where soil moisture was greatest, and returning through 
the damp soil to the cast iron pipe. Zone at which most of current left the 
service pipe coincides with that of greatest corrosion. Use of the same metal 
throughout the piping system; insulation of pipes from the soil by durable, 
non-conductive, and chemically inert paints, protective coatings or wrappings; 
insulating connections between main and service pipe and between service 
pipe and house piping; effective drainage of subsoil and backfilling of pipe 
trench with material of uniform composition which is poor conductor of 
electricity, such as washed sand, are the procedures recommended for elimi- 
nating or reducing this corrosion problem.—J. M. Sanchis. ibe ehiroogyinicys 
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Corrosion of Brass Connections. K. W. H. anv J. Koormans, 
Water, (Neth.) 22: 25 (Jan. 28, ’38). The effect of composition of three fittings 
on corrosion with the same water was investigated. Analyses showed: 


14'T i” Knee 


none 
All three pieces are in the sphere of a copper-zinc crystals, but only two cor- 
roded. The corrosion products showed: 


14’T i’ Knee 


The remainder was O, CO, and H:0. Only the 14” T contained sufficient 
foreign metals to influence corrosion. The tin will retard, while the iron 
stimulates corrosion. Even the 2” knee did not contain sufficient lead to be 
detrimental, nevertheless considerable corrosion took place. The cause of 
corrosion is assumed to be the presence of electro-chemical pressures, due to 
the chemically variable localities in the pipes resulting from uneven distribu- 
tion of the metals. The crystals in the alloy will contain less and less copper 
on cooling of the metal and the electrolyte (water) will affect them differently. 
The local uneven distribution can be shown by dipping polished metal in H,80, 
(1:1). Microscopically the 13” T showed light (copper) and dark (zine) 
fields on the etched surfaces. Microscopic views showed more zinc crystals 
in the dark fields. The 3?” knee showed similar conditions. It is clear that 
even larger quantities than 0.01% arsenic were not able to prevent corrosion 
when the corrosion is caused by uneven distribution of the copper and zine 
in the alloy. A high mineral content of the water will speed up corrosion.— 
Willem Rudolfs. 


Corrosion of Water Mains and Services. Some General Principles. W. 
H. J. VERNON AND F. Wormwetvu. Surveyor (Br.). 92: 741 (Dec. 10, ’37). 
(Extract from paper read at Public Works and Transport Congress). Corro- 
sion may be regarded as the passage of metal from the unstable metallic state 
to the stable oxidized condition in which it is found in nature. It may also be 
regarded as the passage of ions between anodes and cathodes at each of which 
characteristic reactions occur. Salts or ions found in natural waters may be 
distinguished either as stimulators of corrosion or as formers of insoluble 
compounds with‘iron so that they leave a protective coating on the metallic 
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oxygen or to develop protective coatings. Oxygen may be eliminated by de- 
aeration or by chemicals, or protective deposits may be encouraged by recar- 
pbonation. For the application of coatings the ordinary mixtures containing _ 


serve to protect. The external corrosion of pipes embedded in soils is depen- - 
- dent on the presence of moisture. Graphitisation, or the removal of the anodic 
product from the system, may occur in cast iron mains. This effect is most 


- eorrosion protective coatings are applied and lime is sometimes added to the 
soil to neutralize acidity. Cinders should be avoided because of acidity 
and dissimilar metals should not be brought into contact, especially in the 
a case of a soft water with a high chloride content.—H. EF. Babbitt. 

y 
Presence of Lead in Drinking Water. F. Dienerr. Usine (Fr.) 46:21; 39 
: (37). Toxic effect of lead in drinking water is discussed and cases of poisoning 
in different countries (with analyses) are described. Regulations in France 
are cited: if a water contains less than 100 mg. CaCO; per liter, lead pipes must 
not be used for water distribution, as then no protective layer is formed, par- 
ticularly if oxygen, carbon dioxide, nitrates and chlorides are present. Pipes 
of lead-tin alloy have been proposed but these have not. been used extensively 
owing to their cost.—R. E. Thompson. 


. Water Undertakers’ Duties. Precautions Against Lead Poisoning. ANoN. 
Surveyor (Br.). 92: 734 (Dec. 10, ’37). In the case of Barnes vs. Irwell 
| Valley Water Board damages were claimed because of lead poisoning from the 
| water supply. Although it was found that the water was pure and wholesome 
as delivered at the stopcock to the plaintiffs the defendents knew that the 
plaintiffs intended to use lead pipe for conveying it further. The defendents 
were bound by statute to warn the consumer that he must take necessary pre- 
cautions against the possibilities of lead poisoning. Judgment was entered 
for the plaintiff—H. EF. Babbitt. 
tod 

STEAM GENERATION 


Steam Contamination. S. T. Powrii. Combustion. Part I. 9: 3: 36 
(37). Summary given of the influence of boiler design, of operating condi- 
tions, and of dissolved and suspended solids on foaming and priming; phenome- 
non of selected carry-over of solids contained in concentrated saline boiler 
water. 

Part II. 9: 4:27 (’37). A discussion of steam purification by changing the 
direction of flow of the steam, and by washing the steam by intimate contact 
with the feed water. Performance data on the latter are not as extensive as 
on the former because of their relatively more recent development, but typical 
data selected from the records show the total solids in washed steam to be less 
than 1.2 p.p.m. 

Part III. 9: 5:25 (’37). A complete discussion is given on methods of ob- 
taining representative samples and the precautions to be observed in making 
laboratory analysis for determination of steam quality. The validity of pH, 
and errors induced by dissolved ammonia and carbon dioxide on conductivity 


‘you. 30, NO. 3] ABSTRACTS OF WATER WORKS LITERATURE 


bitumen and asphalt are mentioned. Cement linings and zine coating also 


; 13 rapid in clay soils and in soils rich in sulfates. For protection against soil as iE: 
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measurements are considered. Apparatus and methods are cited to enhanee 
the value of this determination. Interpretation of results is discussed. This 
series of three articles is to be incorporated in a revision of the book on “‘Bojler 
Feedwater Purification’”’ by Mr. Powell.—7. Larson. tutid 

The Utility of the Chlorine Test in the Boiler House. W. S. Reade! bi 
Steam Engr., 6: 139, 185, 212 (’37). Evaporation of a boiler can be determined 
from (1) capacity of boiler up to normal water level, (2) mean chloride content 
of feed water, and (3) chloride content of boiler water at start and finish of 
test. Chloride is determined as follows: Adjust to faint pink color to methy] 
orange with 0.1 normal nitric acid, add 2 drops 10% potassium chromate and 
titrate with silver nitrate (1 ec. = 0.001 gram chloride) to brick-red color, 
Deduct blank run on distilled water. Method is accurate to 1 part in 2,000,000, 
—R. E. Thompson. 


Solid Matter in Boiler Water Foaming. C.W. Fou Lk RIcHARD 
Ind. Eng. Chem. 30: 158 (Feb. ’38). Study was made of effect on foaming of 
various gelatinous precipitates under different conditions of pptn., as well 
as foaming of salt solns. in absence of solid matter. In experimental boiler, 
following conens. in p.p.m. were obtd. as min. values at which priming began 
in salt solns. contg. no suspended solids: Na aluminate, 5619; NaCl, 4274-4235; 
NazCO;, 3946; NaOH, 2988-3151; Na»SO,, 2960; CaCl., 2886-2360; Na;PO,, 
2566. (In some cases difficulty was experienced in obtg. concordant results.) 
Experiments with mixtures of CaCl, and NaCl, and of Na aluminate and NaOH 
showed that priming effects are fairly additive. Tricalcium phosphate pptd. 
in boiler from CaCl: and Na;PQ, had little effect on priming. Calcium ear- 
bonate and magnesium hydroxide pptd. in boiler from 2 feed waters contg. 
NazCO; and Na aluminate, and CaCl, and MgCl. greatly decreased priming, 
though effect may have been due to excess Na aluminate. Aluminum or ferric 
hydroxides pptd. outside boiler by adding NaOH to Al or ferric chloride in- 
creased priming. Mg(OH),. pptd. in boiler by adding MgCl: to NaOH de- 
creased priming, but Mg(OH), pptd. by adding NaOH to MgCl, outside boiler 
greatly increased priming. Observed effects are probably due to stabilization 
and destabilization of foam, but with gelatinous ppts. studied here, results 
cannot be ascribed to changes in resistance to wetting, as with ground lime- 
stone, e.g. Electric charges on bubbles of steam and particles of ppt. may be 
involved and will be studied.—Selma Gottlieb. 


Boiler Waters in Cape Breton Colliery District—Progress Report. J. L. 
Bow.sy. Trans. Can. Inst. Mining Met., 39: (in Can. Mining Met. Bull. No. 
295) 703 (’36). A pH of 11.0-11.4 is necessary to prevent corrosion when using 
lime and soda treatment; 10.5-11.0 is satisfactory with phosphate. To pre- 
vent formation of calcium sulfate scale, sufficient carbonate must be present to 
take care of calcium. Scale formation causes little concern. Hardness is 
easily maintained at 2-3 g.p.g.—R. E. Thompson. 


“Intercrystalline Cracking” in Boilers. (Title of article: New Facilities for 
Chemical Studies by the Federal Bureau of Mines.) A. Grorce Srern. Ind. 
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Eng. Chem. News Ed., 15: 516 (Dec. 10, ’37). Study of ‘‘intercrystalline 
cracking” in boilers was begun four years ago at Eastern Exp. Sta. of Bureau 
of Mines at College Park, Maryland, at request of an industrial group. Cer- 
tain boiler waters dissolve intercrystalline ‘‘cement,’’ causing network of fine 
eracks which allow metal to break without ductility and under very low stress. 
Many constituents responsible have been isolated and studies have been made 
at pressures up to 2500 lbs. per sq. in. Water containing only one dissolved 
constituent usually causes little damage but merest trace of some other sub- 
stance may create action so vigorous that it penetrates thick section of steel 
in one day. Materials have been found which eliminate cracking over wide 
range of conditions. Other chemical inhibitors are being studied further. 
Illustrated.—Selma Gottlieb, iat Of 
PUMPING 
r The Hammersmith Pumping Station of the Metropolitan Water Board 
(London). ANON. Engineering (Br.) 144: 709.(Dec. 24 37). The pumping 
plant at Hammersmith has recently been augmented by a self-contained plant 
consisting of two turbine-driven horizontal centrifugal pumps steamed by two 
water-tube boilers. The duty of the plant ranges from 7 m.g.d. (Imp.) against 
300’ head, to 11.5 m.g.d. against 210’ head. Each boiler has a heating surface 
of 2,700 sq. ft., a superheater surface of 700 sq. ft., and an economizer surface 
of 2,000 sq. ft. Grate area is 60 sq. ft. and normal evaporative capacity is 
12,000 lb. of steam per hr. at 250 Ib. per sq. in. and 680°F. Firing is by chain- 
grate stokers which have proved to be very responsive to changes in the heat 
release in the combustion chambers and fluctuations in load. Thermal effi- 
ciency varied between 80.5 and 82.8%. The two centrifugal pumps are in line 
on one shaft on which there is a 250 kw., compound-wound, d.c. generator, 
which is to be used as a standby for lighting and auxiliaries. The turbine is a 
General Electric, high pressure, impulse, multi-stage type developing 1,000 
b.hp. at 6,000 r.p.m. Pumps have 16” split suction and 14” discharge pipes. 
A 10-hr. test showed steam consumption to be 10.534 lb. per water and elec- 
trical hp. hour.—H. E. Babbitt. 
The Mouldsworth Pumping Station. Important Extensions for the West 
Cheshire Water Board. Anon. Civ. Eng. (Br.) 32: 406 (Nov. ’37). The 
water is pumped from boreholes by means of electrically-driven centrifugal 
pumps and by similarly operated boosters to a service reservoir. Before 
reaching the reservoir the water is softened by zeolite. Boreholes are 1,000’ 
deep, equipped with pumps capable of lifting from depth of 400’. Booster 
pumps deliver it to reservoir at a height of 300’. Bore-hole pumps are 28” in 
diam., 7 stage, with 400 hp. slip-ring motors. Booster pumps are 2 stage, cen- 
trifugal, 970 r.pm. with 95 hp. slip-ring motors. Two high tension panels con- 
trol electrical supply from grid of 3-phase, 50-cycle, a.c. at 6,600 volts to the 
650 kva. transformers, which transform to 400 volts. Softening plant, which is 
ina building separate from the pumping station, consists of 5 permutit soften- 
ers, arranged to reduce the hardness from 16° to 9.5° (English) by blending sof- 
tened water with unsoftened water. Each unit has capacity of 83,000 gal. (Imp.) 
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of zero soft water per regeneration. Regeneration is done automatically by 
double stage process. Plant is so designed that units are interlocked elec. 
trically so that they are regenerated separately. The Simond’s Hill reseryoir 
is about 2 mi. from the pumping station. It is concrete, circular, 25’ deep, 
capacity 8 mil. gal. (Imp.). Main to reservoir consists of 24” c.i. pipes. Aque- 
duct from reservoir to Ellsmere Port is 12} mi. long, of 24” c.i.—H. E. Babbitt. 


Graphing Multi-Station Pipe-Line Performance. W. M. JENNINGS. Wr. 
and Wtr. Eng. (Br.). 40:3 (Jan. 38). Method of arriving at graphic compre- 
hensive picture of operation of new water supply development involving,—(1) 
pumping station with 3 centrifugal pumps each capable of delivering 625 
g.p.m., situated about 10 mi. from works; (2) a #2 station having 2-1000 
g.p.m. centrifugals, 7 mi. from works; (3) a booster station with 2 main centrif- 
ugals and 1 auxiliary about 3 mi. from works, known as #3 station. Final] 
graph gives comprehensive illustration of pipe-line performance for multi- 
station installation.—Martin E. Flentje. 


Pumping Plants Operated by Water Power. S. McConnev. Civ. Eng. (Br.) 
32: 452 (Dec. ’37). These plants may be divided into three classes viz., hy- 
draulic rams; hydrostats and similar types of reciprocating pumps; and pumps 
of the centrifugal or reciprocating type driven by reaction or impulse water 
turbines, either directly or indirectly, or by means of gearing. The hydraulic 
ram has a wide field of usefulness for small water supplies. Ratios of lift to 
operating fall may reach 80:1. For average conditions where the lift is not 
great with relation to the fall, the length of the drive pipe should not exceed 
six times the working fall. In some cases efficiencies as high as 80 to 90% 
have been found. Hydrostats are more costly than rams but they operate 
without noise and have an efficiency of 65 to 70% over a wider range of condi- 
tions, together with other desirable operating characteristics. In cases where 
plenty of drive water is available, turbine-operated pumps may be able to 
complete successfully with hydraulic rams when much smaller quantities of 
water are required to be pumped.—H. E. Babbitt. 


A Constant Delivery Rotary Pump. Anon. The Engr. (Br.) 144: 690 
(Dec. 17, 37). The Keelavite pump (described and illustrated) has a most 
important merit in that fluid is delivered at an absolutely constant rate with 
no cyclical variation whatever. End thrusts can be balanced by placing two 
pumping chambers back to back. The device can also be constructed as a 
variable delivery, constant speed pump. The mechanism is reversible so that 
it can run either as a pump or motor. There is no dead center position, the 
starting torque is high, the pump can be stalled without damage, and me- 
chanical efficiencies of over 80% are obtained. A pump with an external 
diameter of 12” pumped 200 g.p.m. (Imp.) at a speed of 1,500 r.p.m.—H. E. 
Babbitt. 


A New Impeller Pump. Anon. The Engr. (Br.) 164: 607 (Nov. 28, 787). 
An interesting type of butterfly valve impeller pump, invented by Louis le 
Clezio i is The comprises a piston rod which recipre- 
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estes coaxially within the pump barrel. At the end of the piston are set two 

flaps on a common hinge, which permits them to move freely. Stops at the end 
of the piston prevent the flaps opening out sufficiently for their peripheries to 
touch the sides of the pump barrel. It has been found, in operation, that the 
flaps do not touch the barrel sides. This is due to the fact that the moving 
column of liquid keeps flowing in the same direction, even on the return stroke, 
and at the end of the forward stroke considerable hydrostatic pressure is built 
up in the annular space between the flaps and the barrel, and this pressure is 
balanced by opposing forces in the flaps. In this manner a practically friction- 
less hydrostatic seal is formed between the flaps and the pump wall. The 
pump has a mechanical efficiency of about 75%.—H. E. Babbitt. 


The Reduction of Noise Transmitted Along Water Pipes. ANon. Engineer- 
ing (Br.) 144: 612 (Nov. 26, ’37). About 3’ of the main outflow and return 
pipes near the circulating pump in the National Physical Laboratory, were cut 
out and a length of canvas reinforced hose was substituted therefor. Found 
that the sound was reduced about 13 decibels which was sufficient to render 
hum of the pump inaudible throughout the building. It was found that the 
insertion of a rubber washer between the flanges of a flanged connection had an 
undetectable sound insulating value.—H. E. Babbitt. HG 
To 
WELLS AND GROUND WATER 


Change in Ground Water Levels in North Dakota. Howarp E. Simpson. 
Bull 10, N. Dak. Geol. Surv. (’37). Water supplies, both surface and under- 
ground, are of utmost importance to N. Dak. and section known as ‘‘spring 
wheat belt,’’ since one outstanding difficulty in region is lack of water. No 
previous mid-summer droughts approached cumulative effects of yrs. ’29-’34 
At time of gov. land survey of ’70’s and ’80’s N. Dak. had approx. 5000 lakes 
and ponds of sufficient size to be mapped, a large proportion of which have now 
disappeared. Stream flow has seriously decreased and ground water level has 
lowered. Study which is reported was made by sending inquiries and ques- 
tionaires to large number of well drillers in all sections of state asking for 
information regarding yrs. in business, recession noted in water levels, etc. 
The mean changes in head and depth of wells for state are probably minimum 
figures. General summary is given listing number of drillers, yrs., depth, 
head, change in depth, change in head and remarks for 53 counties, summariz- 
ing replies from 374 drillers. The surface water summaries indicated springs in 
N. Dak. are generally weakened, or entirely dry; lakes in most cases are almost 
dry, drop in surface level varying from 2’ to 11’ and more, with av. of 6’; creeks 
are mostly dry; rivers in most cases are dry or very low with several of the 
larger rivers as Sheyenne, James, and Souris reported as dry in summer, with 
little or no flow in the spring. The depth of wells was greatest (’33) in Coteau 
area, shallowest in Red River Valley. During past 18 yrs. every county in 
state has shown lowering of ground water levels. Smallest change reported 
—12’, greatest change —18’. Report contains double-page map with contours 
of 5’ interval drawn so that intercontour spaces for each county should ap- 
proximate mean change of head in wells. Among conclusions reached are: 
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(1) there has been lowering of ground water level throughout state during 
period of settlement, (2) decrease at first relatively small but has become 
greater, and is greatest in last 5 yrs., (8) amount of change greatest in west 
decreasing to east, western decrease 20’ or more, (4) ground water level jg 
lowering in increasing number of towns which have inadequate water supplies 
coming from shallow wells of good chemical quality, and also in inereaged 
number of towns using deep wells with water of poor chemical quality,— 
Martin E. Flentje. 

_ Water Supply from the Chalk Formation of the South Downs. A. B. Carn. 
cart. Surveyor (Br.) 92: 763 (Dec. 17, 37). The South Downs is a range of 
chalk hills in Sussex, (England) constituting the source of supply for a number 
of large towns. On account of their extensive outcrop the South Downs area 
wonderful gathering ground for rainfall, and the extraordinary capacity of 
chalk for retaining water within its structure makes this range of hills an 
excellent underground reservoir. The water table follows, to some extent, the 
contour of the ground. It has been estimated that chalk will hold in per- 
manent suspension within its structure about 2} gal. of water (Imp.) per cu. 
ft. but it parts with the water reluctantly and for this reason a borehold in 
solid chalk is never successful unless it intersects a fissure. There are three 
types of fissures: cleft, pipe, and bedding joints. The cleft fissure is a joint 
generally varying in inclination between 45° and 80° with the horiz., and up 
to a foot or more in width. Cleft fissures sometimes communicate with swal- 
low holes at the surface of the ground and extend to great depths. Pipe 
fissures are roughly circular in cross section and vary from 2” to 6” in diam. 
They usually run more or less horizontally. Pipe fissures seem to be peculiar 
to hard chalk and are infrequently met. Horizontal joints, or bedding planes, 
are also sources ‘of water. It is difficult to account for the variation in the rate 
of percolation which occurs. Possibly, as the formation thickens it becomes 
more folded and broken up and the resistance to the passage of water is there- 
fore less. One procedure consists of sinking a well to mean sea level, or a little 
below, and driving headings parallel to the coast line so as to cut as many 
water-bearing fissures as possible. Should this flow be depleted, due to over- 
pumping, sea water flows through the empty fissures back into the well. Some 
sanitary control of the watershed is imperative. The only complete control is 
by ownership of the land. In other cases partial control has been purchased. 
The general law provides little or no protection.—H. E. Babbitt. 


Possibilities of the Lower Greensand as a Source of Water Supply for Greater 
London. H. Dewey. Surveyor (Br.). 92: 697 (Dec. 3, 37). (Extract from 
paper read at Public Works and Transport Congress). The lower greensand 
formation comes to the surface both northwest and south of London, but the 
whole of the areas are not potential gathering grounds for subterranean water. 
South of London the inclination of the strata is northerly and north it is south- 
erly. Unfortunately for its utility as an artesian area the lower greensand 
does not extend beneath the metropolis. A mass of rocks of Paleozoic age 
rises under the London area against which later deposits have been laid down. 
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The lower greensand has been dispersed into a series of large wedges sloping 
towards the older rocks, Water gaining access to these receptacles, fills them, 
and further drainage flows back towards the outcrop to be emitted as springs. 
In general, an auxiliary water supply may be obtained from the lower green- 
sand, but no great reliance should be placed upon this source for Greater 
London.—H. E. Babbitt. 


Wells—Dug, Driven, and Drilled. Location and Construction for Safe 
Water. Anon. Educational Hlth. Cire. No. 14. Ill. Dept. of Pub. Hith. 
Revised Oct. ’37. For wells to be used for potable water supply the site should 
have good surface drainage and be higher than sources of pollution. Dug 
wells are ordinarily more difficult to construct and keep safe and should be 
installed only when driven or drilled wells can not be used. Dug wells should 
be water-tight to a depth of 8’; they should have a water-tight concrete cover 
and a manhole is unnecessary. Likewise a ventilator should not be con- 
structed on a dug well as it may admit pollution. The top ofa drilled or driven 
well should be at least one foot above the ground. The casing should be 
threaded-joint iron pipe and pump pits should be avoided. Frost pits, if 
built, should have a concrete top and a wall of concrete or brick laid in cement. 
Wells, cisterns, and basins around springs are often contaminated during 
construction, repairing, or cleaning and should be sterilized. Suspected 
water should be boiled, or two ounces of calcium hypochlorite may be added for 
each 1,000 gal. of water. A new well should be sterilized with a solution ten 
times as strong. Two drops of 7% tincture of iodine added to a quart of water 
will destroy disease germs in half an hour.—H. E. Babbitt. 


Developing a Well by Shooting. L. A. Smite. Pub. Wks. 68: 12:9 
(Dec. ’387). Details are given of development by shooting of 3 yr. old well of 
Madison Wis. water dept. Shooting increased capacity from 700 to 1800 g.p.m. 
Well pumped by air-lift, has a 30” outer casing 100’ deep and a 22” hole in rock 
to total depth of 750’. Specific capacity of well originally 7 gal. per ft. of draw- 
down, after development increased to 20 gal. per ft. 6 shots in all were fired, 
last 3 with 100 and 150 lb. high velocity gelatine in a bomb with diam. near 
that of hole. 3 factors must be considered in shooting wells—inherent danger 
in handling high explosives, danger of disturbing well casing and losing hole, 
danger of using improper amount of shooting material and, if too large, filling 
hole up. Total cost at Madison including use of bailer, gelatine and contain- 
ers, removal of 55 cu. yds. of material loosened, labor etc. around $3,500; 
cost of original well and equipment $15,000.—Martin E. Flentje. 


Transite for Wells and Screens. Wm. J. Lumperr. J.N.E.W.W.A. 1:5 
310 (Sep. 37). 16” Transite pipe was used in a recent Scituate gravel-packed 
well. Depth of well was 60’ and entire operation of placing pipe in well took 
3 men 2 hrs. Well screens may be made of Transite making these up in 
sections or by drilling holes in pipe. Inherent structural conditions of ma- 
terial must be taken into consideration. Can be used in 2” to 36” sizes.— 
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‘Twist Effects in Straight Gravity Dams. Ivan E. Houx. The Engr. (Br,) 
144: 677 (Dec. 17, ’37) and 144: 702 (Dec. 24 ’37). Appreciable loads are trang. 
_ ferred laterally to the abutments of gravity dams by twist action in the end 
-___- geetions of the structures where the vertical cross sections are of gradually or 
_ abruptly decreasing heights. Such effects have been found to be of appre. 
-ciable magnitude. The important effects of twist action on stresses, sliding 
at factors, and shear friction factors of safety in straight gravity dams may be 
Mane briefly summarized as follows: 1. An increase in sliding factor along the in- 
__ ¢lined rock planes which form the bases of the cantilevers in the abutment 
: sections. 2. A decrease in the shear friction factor of safety along the in- 
_ clined rock planes at the bases of the abutment cantilevers. 3. A decrease in 
inclined cantilever compression along the base of the dam at the downstream 

edges of the end sections and as far toward the center of the structure as ap- 
‘avin proportions of the water load may be carried by twist action. 4. 


_ An increase in inclined cantilever compression along the base of the dam at the 
upstream edges of the end sections and as far toward the center of the structure 
as appreciable proportions of the water load may be carried by twist action, 
5. The development of appreciable horizontal compression stresses along the 
abutment slopes at the downstream face of the dam. 6. The development of 
appreciable horizontal tension stresses along the abutment slopes at the up- 
stream face of the dam, sometimes accompanied by cracking. 7. Possible 
diagonal cracking at the downstream face, in the higher central portion of the 
dam near the abutments, where the deflection curves of the horizontal ele- 
ments indicate the occurrence of relatively high horizontal tension stresses. 
8. A decrease in sliding factor at the high cantilevers near the lower ends of the 
abutment slopes. 9. An increase in shear friction factor of safety at the high 
cantilevers near the lower ends of the abutment slopes. 10. Relatively small 
changes in sliding factors and shear friction factors of safety at the high can- 
tilevers along the bottom of the canyon. 11. Relatively small changes in 
vertical and inclined stresses at the high cantilevers along the bottom of 
the canyon. The shear friction factor of safety is the ratio of the total shear 
resistance to the total horizontal force tending to cause movement in a down- 
stream direction. The article includes statement of the mathematical meth- 
ods of computating stresses produced by twist action and a tabulation of the 
max. effects of this action on a number of actual dams, including Boulder, 
Norris, Grand Coulee and others. States that probably the most practicable 
method of relieving twist action is to provide one or more open transverse 
slots in the dam abutment sections.—H. E. Babbitt. 


Heavy Water in Lake Mead. Anon. Eng. News-Rec., 119: 1064 (Dee. 
30, 37). Temperature studies in Lake Mead have thrown light on phenomenon 
of muddy water near bottom with clear water above, temperatures near bottom 
being abnormally high instead of the usual minimum. It is believed that 
inflowing waters heavy with silt and of slightly different specific gravity tend to 
retain their identity and move through reservoir near bottom. At first, the 
usual conditions obtained, temperature being lower at bottom and high at 
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surface, but later the water temperature on bottom increased from original 
of 50 to 64° and at 9’ above bottom was 68°, being then practically constant 
to height of 34’ and then began to decrease, reaching 60° at height of 59’, 
from which point to surface it remained constant. Water just above strata of 
unusually high temperature was clear but that in warmer zone contained so 
much slit that it was of the color and consistency of thick chocolate. Deter- 
minations at temperatures of 74-78° showed specific gravity of clear water to 
be 1.0014 and of silty water 1.1787.—R. E. Thompson. 


Subsidence of a Rockfill Dam. Ruperr Knicur. Surveyor. 
92: 819 (Dec. 24, ’37). Dam forming the Eildon reservoir, which was com- 
pleted in ’27, is 3,280’ long, including concrete spillway section with crest 
length of 682’, having height of 140’ above river bed. It is provided with a 
reinforced concrete corewall, supplemented on the upstream side by a mass of, 
clay puddle, originally containing 1,250,000 cu. yd. of rockfill. In Apr. ’29 
after the reservoir had been filled on two occasions, the upstream rockfill 
subsided over a distance of 1,400’. The subsidence was considered to be due 
to the pressure of the clay puddle against the rock mass, and resulted in con- 
siderable damage to the structure. It was recommended that repairs should 
be made by the deposition of additional rockfill on the upstream side so as to 
stabilize the bank, and that adequate drainage should be provided under the 
base of the downstream side of the embankment, and a large quantity of rock- 
fill be added to that part of the embankment for the purpose of increasing its 
supporting power. Total cost of remedial work was £380,000.—H. E. Babbitt. 


Central Valley Project Advances as Bid Call Approaches for Shasta Dam. 
Anon. W. Cons. News. 13:2 (Jan. ’38). The bid call on Shasta Dam within 
about 90 days will initiate operations on $170,000,000 Central Valley Project. 
CVP designation of plan for statewide water conservation and development in 
Calif. which will provide for flood control, navigation improvement, salinity 
correction in agricultural area, industrial water in upper San Francisco Bay 
area, irrigation water supply. Article describes Shasta Dam, the largest unit 
of project.—Martin E. Flentje. 


Grouting Under an Earth Dam. ANon. Eng. News-Rec., 120: 15 (Jan. 6, 
'38). Extensive grouting operations on foundation of Pine View Dam are 
described in considerable detail. Dam is located on Ogden R., 10 mi. east of 
Ogden, Utah, at head of canyon well populated with summer-resort residents. 
No compromises with stability or safety were therefore possible. Structure 
is of rolled-earth and rock-fill type with height of 61’ above stream bed and 
102’ above bottom of cutoff trench. Crest length is 500’, upstream slope 3:1 
covered with 3’ of rock riprap and downstream slope is 2$:1. Foundation 
conditions indicated greater porosity and instability than assumed from earlier 
wash boring tests. As a result, sheet piling cutoff was moved upstream to 
100’ from axis of dam and sheet piling was sealed to bedrock by concrete wall 
constructed in a stope. Specifications required placement of earth embank- 
ment at optimum moisture content and to accomplish this a tile drainage sys- 
tem was installed in bottom of cutoff trench and provision made for subsequent 


A, 
; 
Br.) 
end 
OF 
j 
ing 
be 
i 
ent 
in. 
i 
in 
the 
ire 
he 
of 
3 
dle 
e- 
3 
gh 
n- 
in 
of 
i 
- 
e 
a 
(2 
) 
5 
~ 
a 


ABSTRACTS OF WATER WORKS LITERATURE [y. A. W. W. 4, 


ee - filling of drain pipes and surrounding gravel with grout. A spring area caused 
some difficulty. Amounts of grout placed indicated much greater trayg 
downward of grout than anticipated. On filling reservoir to 35.5% of fylj 
capacity, leakage amounted to less than 0.6 sec. ft. as determined by weirs 
placed below dam. This is considered negligible-—R. E. Thompson. 


Deep Excavation for Parker Dam. ANon. Eng News-Rec., 119: 853 (Noy, 
25, ’37). Uncovering bedrock for foundation of Parker Dam, impounding unit 
for Colorado R. Aqueduct which is being constructed by Bureau of Reel. for 
Metropolitan Water Dist. of Southern Calif., was unique operation because 
of unprecedented depth of excavation compared with moderate height of dam 
above streambed. Total height will be 320’, only 85’ of which will be above 
streambed. First work on project was the driving of two 29’, horseshoe-see. 
tion diversion tunnels about 1730’ long through Arizona abutment and lining 
them with concrete. These will be sealed with concrete when dam has been 
completed. Cofferdams were constructed with material excavated from dam 
site, about 25% of the 1,400,000 cu. yds. excavated being used for this purpose, 
Inflow into excavation exceeded expectations, necessitating use of battery of 
pumps mounted on barges and the drilling of four 26” wells to stabilize slopes, 
Concreting was commenced on July 31 and by Oct. 22 more than half of total 
of 280,000 cu. yds. had been placed.—R. E. Thompson. 


Seminoe Dam Progress. J. H. WARNER. Eng. News-Rec., 119: 817 (Noy. 
18, ’37). On Aug. 10, the North Platte R. was diverted shrough the diversion 
tunnel at Seminoe Dam site. Dam is part of the Kendrick (formerly Casper- 
Alcova) project of U. S. Bureau of Recl., which will provide 1,000,000 acre-ft. 
of storage for flood waters and produce 150,000,000 kw. hr. annually. Progress 
and methods employed are described and discussed. Water supply for the 
government camp, located 1.5 mi. by road and 600’ above dam, is derived from 
Morgan Creek and pumped to covered circular reinforced concrete tank of 
50,000-gal. capacity, 30’ in diam. and 10’ deep, buried in rock on a hill. Float 
switch in tank automatically controls operation of 3” x 5” duplex 50 g.p.m. 
pump powered by 15 hp. motor. Water-collecting system consists of 5-com- 
partment reinforced concrete gallery built in bedrock of creek, 2,400’ distant 
from and 600’ below storage tank. A 2}” line was laid from gallery to tank and 
4” line from latter to buildings and hydrants. Both lines are steel pipe with 
slip-joint couplings. Owing to rocky terrain and severe winters it was neces- 
sary to excavate to minimum depth of 6’ in solid rock for all pipe lines. Water 
and sewer lines were laid in same trench, latter being of 4” and 6” tile sealed 
with mastic. Horizontal section of spillway tunnel is 30’ diam., concrete lined, | 
and diversion tunnel is 27’ unlined horse-shoe section. Other activities 
include stripping and trimming for abutments, curtain-wall grouting, con- 
struction of upstream cofferdam, etc. —R. E. Thompson. 
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